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An antiviral or anticancer phaimaceudcal composition comprising 1 ' 
u compound having the fotmola; -R'-(Y)p-(XNH),.(P02(P03>,-OR')s. T ITA 
where R2 is a carrier, linked to a nucleotide analog {-(P02(P03)„- / |\ N-^/ 
OR'),} via an araino-phosphate linkage (NH-PO2), the amino group «tf\ 0 / „ 
being provided by a composition including R^, tlie composition being ni-p-^-f-o-CH, / 
selected from the group consisting of: (a) a formulation wherein has I °'r/ " 'C_l7 

a constituent primary amino group so as to form R'-(P02CPO3)„-0Ri), \ '/„ T 

by means of the amino-phospliatB linkage such thai p-0, q-0, and s^^ ™ 

(b) a foimulition wiieiein Rl lacks the constituent primary amino group, »iy-i-w.i«.-t-.r.« 

the primary amino group being piovided by means of a linliing group 

(XNH),tof0imR»-(XNH),-(P0^(PO}).-OR')„when;p-O,andq>s>l: / L 
group, but including a constituent hydroxyl group, ±c prfZiy mlno _LjU<'S) 

group beirtg provided by a bridging group (Y)„ for reacting with the I 1-* /, JLj 
hydrojyl group on R2 and Uie linking group to form RJ-(ia,-(XNH),- 0^ „ 1" 
(P02(POjVOR')s, such that ifiKfssai: wherein values for p,q.sa»ln ■W^^^-fo-cH, o-^n-' („ 
are given as a molar lalio relative to R2, such that n-a 1 or 2,1^^1. " in \ 
except when p^, and q-O, or when p-O. Vl^^ 
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MACROMOLECULAR PRODRUGS OF NUCLEOTIDE ANALOGS 



Field of the Invention 

This invention relates to the synthesis of nuwromolecular prodrugs of nucleotide analogs and 
5 their uses as antiviral and anticancer agents. 

Background 

Nucleoside analogs are a class of compounds that have been shown to exert antiviral and 
antitumor activity both in vitro and in vivo, and thus, have been the subject of widespread research 
for the treatment of viral infections and cancer. Nucleoside analogs are molecules that antagonize 
1 0 or mimic the action of naturally occurring nucleosides. In goieral, nucleoside analogs consist of 

purine, pyrimidine or similar heterocyclic derivatives of adenine, cytosine, thymine, or guanine, and a 
glycoside or glycoside analog structure. Examples of nucleoside analogs include, but are not limited 
to, acyclovir, ribavirin, 3TC, AZT, araC, araA, DAPD ((-)-p-D-2,6-diaminoputine dioxalane) and S- 
FUDR. Several of these compounds are shown below. 
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in the cell, the inosme of ddl is converted to adenine (ddA) and phosphate groups are then added to 
yield the active anti-metabolite ddATP. 

Nucleoside analogs suffer ihim a variety of problems that limits their use in antiviral therapy. 
1 ■ Poor solubility and cell penetration: Nucleoside analogs must be able to penetrate cell 

5 membranes and gain access to the intracellular space to be effective as therapeutics. Some 
nucleoside analogs traverse cell membranes by diffiisional processes, which are governed by the 
charge and lipopUlicity of the nxriecule. Others enter the cell by interaction with transporters for 
nucleosides present in the cell membrane. However, some nudeoside analogs exhibit poor membrane 
permeability and are poorly sohible in water, thus, Inniting their ability to penetrate cells. 

10 2. Attack bv deaminases: A second problem associated with nucleosides analogs having an 

amine group on the base (i.e., adenine or cytosme) is deamination by host deaminases. For example, 
deaminases convert araA into arafaypoxanthme, which has little antiviral effect. 

3. Dependence on host or viral enzvmes for phosphorylation. Nucleoside analogs are 
dependent on host or viral enzymes for the phosphorylation into the active ami- metabolites to occur. 

15 In the absence, or low activity of these enzymes, the nucleoade is poorly converted into the 
bioactive form. 

Admmistration of the phosphorylated form, i.e., the nucleotide analog, could bypass one or 
more of the phosphorylation steps performed by the cell, a step in the conversion of the nucleoside 
into the bioactive form. In addition, nucleotide analogs are structurally and metabolicidly closer to 
20 the therapemicaUy active phosphorylated &rm(s). Howrevcr, the phosphate group is highly charged, 
nMch makes the nucleotide analog less membrane-permeable than the nucleoside anatog. Secondty, 
host enzymes, such as phosphatases, bydiolyze the nucleotide analog back to the nucleoside analog, 
wtnch then must undeigo le-phosphoiyiation. For these teasims, nucleotide analogs are little used in 
phaimacology. 
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4. Tpsic eflfects. When administered to patients, nucleoside analogs have shown toxidty to 
liver, bone marrow, and the nervous system. In the case of antiviral therapy, nucleoside analogs 
have been rarely curative, and the side effects that arise during chronic administration of the diug 
ofien cause therapy to be discontinued or altered. In the case of cancer therapy, where mtent is to 
kill the cancer cells, the compound and protocol (dose, method of administration, timmg of doses) 
must be carefully designed and monitored to mininuze the damage to non-canceioiis tissues. 

The following vaiious approaches have been attempted to overoome the membrane 
permeability problem and improve the therapeutic efiScacy of the nucleotide analog with liimted 
success. 

Low Molecular Weight ProdniB.<: Prodtugs of nucleotide analogs are inactive fonns of the 
nucleotide analog wMch are converted in vivo into the bioactive fisrm. Low molecular weight 
prodtugs (molecular weights below S Idlodahons) consist of various low molecular woght groups 
reacted with the oxygen atoms of the phosphate group at the 5' OH position. These low molecular 
weight groups obscure or eliminate the charged oxygen atoms of the phosphate group, thereby 
allowing ceU uptake to occur. (Lefebvre I. et al. J. Med Chem, I99S; 38:3941-3930, incorporated 
herein by refiMence). Once inside the cell, these multiple groups must be removed before any anttviral 
activity is achieved. McGuigan (McQuigan et al, WO 90/05736 Publ. Nov. 23, 1898) synthesized a 
series of prodrugs of AZT substituted with di and tri ester phosphonate alkyi chains (CI -CIS). 
However, these derivatives were pooriy active. 

gjfiferent types of Linkages between the P hosphate and the nucleoside analog: Phosphonate 
nucleotide analog prodrugs have a phosphonis atom (-P-) fimdy attached to the glycoside portion of 
the nucleoside analog by a -P-C- linkage rather than with a -P-O-C- diester linkage. Though stable 
to phosphatases, phosphonate nudeotide analogs are highly charged, poorly absorbed after oral 
administration, and are poorly membrane permeable. Depending on the iinkuig groups used, the 
cleavage of the -P-C- linkage can produce tone intermediates (Kiise et al (Krise IP, Stella V.J., 
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Prodrugs of phosphates, phosphonates and phosphinates. Advanced Drag Ddiveiy Reviews, 1996, 

19:287-310, incoiporated herein by reference). 

Receptor Directed Nudeotide Coqujates : Eniiquez et al., (US Patent 5,490,99 1 ) overcame 

the membrane permeability problem by coupling nucleotide analogs to molecules recognized by 
S certain recq>tors. These conjugates were selectively ddivered to and internalized by cdls bearing 

the particular receptor. Such corijugates concemrate the drug in receptor positive cdls, for example 

hepatocytes in the liver, and limit its concentration, and toxic eflfects in non-receptor beating cells. 

(Enriquez et al Biocoiqugate Chemistfy, 1995, 6:195-202.) However, they are limited by the 

requirement for a receptor on the cell suiftce. If a pathogen, e.g. viius, is not confined to receptor 
10 positive cdls, receptor targeting can have Ihnited effectiveness. Fuithermore, certain neoplastic cells 



s: (figh molecular weight polymers have been attached to nucleoside 
analogs as an attempt to improve the plasma stability and reduce the toxicity of the nndeoside 
analog. For example, when natural or synthetic polymers are linked to nucleoside analogs via 
chemically unstable linkages, such as esters, the link^ is subject to hydrolysis in the plasma, 
resulting in extracellular the release of the nucleoside analog. After release, the nucleoside is subject 
to enzymatic degradation in the blood as c&cussed previously. When Usher et al. (PCT WO 
95/00177) coupled dextian to AZT, the coi^ugate was significantly less effictive than the 
unconjugated AZT. 

When highly chemically stable linkages between the polymer and the nucleoside analog are 
used (e.g., ether hnkages), the drug may never be released. Instead, the conjugate can be excreted 
mtact or stored fin- a long period of trnie, which can lead to toxidty. 

Linid Carrier Coiijmmles : Yarvin et al (US Patent 5,149,794) attached various antiviral and 
aiitiiieoplastic agents to lipid carrier m an attetiq>t to enhance the rate at which these agents cross the 
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cell membrane. However, these hydrophobic molecules tend to form miceiles, which are rapidly 
cleared by the liver. 

The prodrugs of nucleotide analogs that have been prepared to date lack a combination of 
plasma stability, intiacellular lability (releasability) and therapeutic efficacy. Hence, thete is a need for 
S prodrugs of nucleotide analogs that are stable in plasma after administiation, are capable of 
traversing ceil membranes and rdeasing a therapeutically available form of the nucleotide analog 
intracellularly. There is a need furthermore for prodrugs that are capable of treating viral or cancer 
based diseases with therapeutic efficacy and reduced toxicity. 

Summary of Invention: 

10 This invention is directed to novel compositions of antiviral and aoticancer agents, 

spediically to prodrugs of nucleotide analogs. The prodrugs are characterized as having a 
macromolecular biocompatible polymeric carrier conjugated to the nucleotide analog via an 
amino-phosphate linkage. In one embodiment, the carrier may be conjugated directly to the 
nucleotide, provided that the carrier has a constituent piimaty amine for reacting with a 

1 5 phosphate on the nucleotide. The carrier can be, for example, a polyaciyiamide, polyamino acid, 
preferably, polylysine. 

In another embodiment, the carrier lacks the primary amine group and is conjugated to the 
nucleotide through a linldng group that provides the ptimaiyanune for the carrier. Thecatiier 
can be a polysacdtaride, polyvii^c polymer, or combinations thereof for example 
20 polyghitamate or poiyaspartate; the linking group can be Iyane,p<dylysme, ornithine, 

polyofiiithine, or preferably a dianune, more preferably, 4-aminopheiiylalkylamine, jefibmine, 

In another end>odiiiiem, the carrier may reqiure a bridging group fbr coupUng the linking 
group to the catrier. The carrier may be a polysaechaiide, polyvinylic polymer, and combinations 
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thereof; that comain at least one hydroxyl group, such as polyvinylpyrollidone, poly(oxyethylene) 
glycol (PEG), maldc anhydride di^ether (DIVMA), cellulose, and more preferably, puUulans, 
imilin, polyviivl alcohol (PVA), N-(2-hydrBxypfDpyl)niethaciylamide (HPMA), and most 
preferably dextran and hydroxyethyl starch (HES). The bridging group can consist of fflqrgen 

S containing groups such as straight dudn acyl groups of Cmo. (including ketones, aldehydes, 
esters, acids, ethers), substituted amides (e.g., imidocaibonate), alcohols or combinations 
thereof preferably, carboxymethyl group (-CHjCO-), or an isoprop)* alcohol 
(-CH2(CH0HXCH,)-) group 

In the above embodiments the nucleotide analog can be, for example, the mono-, di- or 

10 triphosphate form of ddl, AZT, and 5 FUDR, acyclovir, ribavirin, or ganciclovir, preferably ataA, 
oraraC. 

Another embodiment of the invention provides for methods of treating a vind infection or 
cancer by providing a phannaceutical composition of an anticancer or amiviral agem assodated with 
a carrier via an annno-pbosidiate linkage between the carrier and the agent and administering the 

15 composition. 

Another embodiment is directed to methods of endowing an antiviral agent with substantially 
enhanced therapeutic efficacy and reduced toxicity by c(»gugating the antiviral agent with a 
polymeric carrier via an anude-phosphate bond so as to reduce the cytotoxidty of coigugate in 
comparison to the antiviral agent alone. 

20 Description of the figures 

Figure 1 shows example structures of sdlected prodrugs of the invention. Figure 1 A shows 
the macromolecuiar carrier poly-L-lysine coupled to the nucleotide of araA (P-araA). Figure IB 
shows the macromolecuiar carrier, polyghitamate coupled to the linking group ethylene diamine 
(EDA), and ccgugatedto FUDR monophosphate (P-FUDR). Figure IC shows the macromolecuiar 
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canier, dextnn coupled to a caiboxymetlqrl bridging group (CM) and an ethjdene diamine liiddng 
group (EDA) coupled to the nucleotide analog aiaA monophosphate (P-ataA). 

Figun 2 demonstrates tvTO genendized reaction pathways for maldng a prodnig of the 
invention when a linking group and a earixngnnetliyl type bridging group are used. A faalogenated 

5 acetic a«ad is reacted vrith a macromolecular polymeric canier (MP-OH) to form the carrier-bridging 
group fonuulation. The linking group can be reacted with the micleotide analog, which is then 
reacted with the carrier finmulation (Scheme I). Alternatively, die macromolecular polymeric 
cBirier-bridgmg group fbtmulation can be reacted vrith the linking group, and subsequemly with the 
nucleotide analog (Sdieme 2) to form the prodrug. 

1 0 Figure 3 demonstrates another generalized reaction pathway for making a prodrug of the 

invenrion. An epihakihydrin is reacted with a macromolecular polymeric carrier (MP-OH) to form 
the carrier-bridging group formulation with an isopropyl alcohol brid^ group. The linkiitg group 
can be reacted with the nucleotide analog, which is then reacted with the carrier formulation 
(Scheme 3). Alternatively, the macromolecular polymeric canier-biidging group formulation can be 

1 S reacted with the Imkmg group, and subsequently with the nucleotide analog (Scheme 4) to form the 
prodrug. 

Figure 4 demonstrates the generalized reaction pathways that can be used when no bridging 
group is used. In Scheme S, the linking ^oup is reacted with the nucleotide analog, and this 
compoation is subsequently reacted with the canier to form the prodrug. Altemalively, the linking 
20 group is reacted directly with the carrier, and this fonnulation is subsequemly coupled to the 
nucleotide anafog (Scheme 6). 

Figure S is a GPC chromatogram of a carboxymethyl dextran-etl^ene diamine-araAMP 
(Dextnm (10 kDa)-CM-EDA-P-araA) prodrug made aceorduig to the teachings of Example 41, after 
incubation in plasma demonstrating the stabifity of the prodrug in human phsma. (OPC conditions: 
25 Waters UHG 250 Colunm (300 x 7.8 mm I.D.) 0.5 mUmm, 20 mM PO4, pH 7, 0. 1 Naa). 
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Figure 6 is a GPC duomatogram of catboxymethjd dextran-ethylene diamine-araAMP 
(Dexmm (10 kD8)-CM-EDA-P-araA) prodiug made aecoiding to the teachings of Exan^Je 41 and 
standaids ader faicubation in liver extract deinonstratii« release of the nucleotide analog from the 
prodrug in tissue extracts. (QPC conditions: Waters UHO 250 Cohimn (300 x 7.8 mm I.D.) 0.5 
5 mL/nrin, 20 mM PO4. pH 7, 0. 1 NaCI). 

Detailed Description Of Tlie Invention 

The invention provides for prodnigs of nucleotide analogs that are capable of effectively 
suppressing or inhibiting viral replication and proliferation of tumor cells. These prodiug 
compositions are sttble in plasma, can traverse cell membranes and once inside cells, can be modified 
10 in such a vtray as to become therapeutically active. Further, these compoations exhibit reduced 
toxidty and increased efficacy over the parent nucleonde. 

The compositions are rqjresented by the general fommla: 
R'-(YV(XNH),-(P02(P03)»-OR'), 

1 5 is a macromolecular carrier having a primaiy amme group whenyrO and q=Q 

Y is a bridgjng group; 
XNH is linldng group; 
or' is a nucleoside analog 

POi-OPOj), -or' is a nucleotide analog (phosphorylated nucleoside analog), 
20 p>q2s^\, except when p=0, q=0, or whenp=0; 

nisO, l,or2; vrfwran the values for p, 9, a and Bare given as a motar ratio relative to 

These new compositions generally consist of the nudeottde analog (-P02-(P0])m -OR') 
attached to various biocompatible, macromolecular polymeric cairieis contuning primaiy amine 
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groups, A single phosphoramide bond (-NH-PO2-) between the phosphate group at the 5' position of 
the sugar (or its equivalent, in the case of acyclic nucleoside analogs) and the primafy aoiine on the 
carrier links the nudeotide analogs to the carriers. One oxygen on each (diospbBte group is charged 
or uncharged depending upon the pH and the pK, of the oxygen. Two of the oi^gen atoms of each 
5 phosphate are left unreacted with other substituent groups. 

The carrier is a biocompatible polymer that inherently contains or is derivatized to contain 
a primary amine group. The term "biocompatible polymer" here and in the accompanying daims 
rdfers to natural or synthetic polymers that can be injected or ingested, are pfaysiologicaUy inert, 
exMInt no antiwal or anticancer activity themselves, and, after cleavage fix>m the nucleotide, are 
10 dther degraded to innocuous components or excreted as imact polymers. Furthermore, these 
polymers are "receptor inert," that is, they do not interact with known cell receptors such as the 
receptors involved in receptor mediated endocytoaa, fiw example, the asialoglycoprotdn lecqitors 
of the hepatocytes. The selection of polymer for use as carrier aUows the overall phyacal properties 
of the prodrug, such as blood half life and membrane permeability to be altered. When the molecular 
15 weight of the prodrug is less than about 40 kDa, it will imdergo renal elimination and have short 
blood half-life. Prodrugs made with macromolecuiar carriers greater than 40 kDa can have a long 
blood half-life. Proteins are not preferred for use as macromolecuiar carriers in this invention because 
they possess a variety of anuno acid side chains with varying chemical reactivities. Hence, a single 
type of linkage between the nucleotide and a protein is difficult to attain. Crosslinking between the 
20 amino residues of one protein molecule and the carboxyl residues of another is also a problem with 
protein based carriers. Protdn based carriers have been shown to be immunogemc. 

According to the nivention, we have selected macromolecuiar polymeric carriers that interact 
with cells and organs by non-specific adsorptive mechanisms and/or by fliud {diase pinocytosis rather 
than by innding specific cdlular receptors. Accordingly, molecules like anbinogalactan, 
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lactosaminated human setum albunrin, and galactosylated polylysme, wWoh Kiid receptors 
endocytoang macromolecules (RME receptors), are not included here as macfomolecular canieis. 

In one embotoient, R' can be a polymer that has a constituent primary amine, and, as such, 
can form the amino-phosphate linkage to produce 
5 R*-(P02{P0,)«^R'). 
where, 

/f=0, 9=0, s^l, and «=0 to 2. 

Suitable polymers with constituent primary amine groups are polywiylanunes, 
polyaciylamides, and polyamino acids, preferably, polylysine. Figure 1 A shows a macromolecular 
10 prodrug of Poly l-lysme-araA. 

In a second embodhnent, R' can be a polymer that lacks constituent primary amine, and, as 
such, is derivitized to contam the primary anune by the addition of a linldng group (XNH) , . thereby 
fomung 

RMXNH), (PO,(PO,);rOR'). 
15 where, 

p=0, q^s^l, and n=0 to 2. 

R'-(XNH), can be formed from polysaccharides, polyvinylic polymers, and combinations 
thereof, that possess reactive groups other than hydroxyls or primary amines. These polymers are 
derivatized to contain the primary amine via reaction with an XNH linking group. Example polymers 
20 include polyglutamate and polyaspartate as seen in Examples 22 and 3 5 . 

XNH linking groups include lysme, polylysine, ornithine, polyomithine, or preferably a 
dianune. Swtable dianunes include: 
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I- J2.M9 



-'2.M9 (Jefibfflines), 

more preferably, -HN(CH2V<NH-. Figure IB shows the macromoleeular pradnig 
Polyghjtamic acid-FUDR with ethylene diamine as the linking group. 

In another embodiment, caii be a polymer that lacks constituent primary amines and other 
5 reactive groups except for hydroxyl groups. As such, the carrier is a poiymeric composition modified 
at the hydroxyl groups with a bridging group (Yp), which is fiirther derivittzed to contain the primary 
amine via the linking group (XNH) „ thereby forming 

R'-{Y)p-(XNH),-(P02(PO,)„-OR')s 

10 p^qisil.andw-OtoZ 

can be polysaccharides, polyvinylic polymers, and other non-protein tnocompatible 

pcdymers, and combinations thereof^ that contain at least one terminal hydroxy group, such as 

polyvinylpyroUidone, poly(oxyethylene) glycol (PEG), maldc anhydride divinylether (DIVMA), 

cellulose, and more preferably, pullulans, inulin, polyvinyl alcohol (PVA), 
1 5 N-(2-hydroxypropyl)metbBciylamide (HPMA), and most preferably dextran and hydroxyethyl starch 

(HBS). 

The nature of the bridging group -(Y)^ may vary. The bridging group may be formed from 
oxygen contaiiung groups such as straight chun acyl groups of Cmo, (including ketones, aklehydes, 
esters^ acids, ethers), substituted amides (e g., unidocaibonate), alcohols or combinations thereof 
20 Best results are obtained when the bridging group is a carboxymethyl group (-CHjCO-), or an 
isopropyi alcohol (-CH2(CH0H)(CHj)-) group. Figure IC shows the macromoleeular prodiug 
Dextran-araA with carboxymeth^ groups as the bridging group and ethylene diamine as the linldng 
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or' is a nucleoside analog. Nucleoside analogs in any stereochemical configuration (D vs L or 
<x vs can be used. In a prefinred embodiment, the phosphate group (-POrC^ih.) is attached at 
the position where the addition of fiirther phosphate groups will produce the active and-metabolite. 
For example with araA. araC. ddl, AZT, and 5 FUDR the phosphate would be on the 5' position of 

S the sugar. Acydic nudeoside analojgs like acydovir or ganciclovir can be used provided that the 
phosphate that is attached to the primary amine of the carrier is added at a position metabolically 
analogous to the 5* position. 

The number of phosphate groups per nucleoside analog, n, can be 0, 1 or 2, defining the 
phosphorylation state of the nucleoside analog as mono-, di- or triphospliate. The levels of 

10 modification, p.qands, represent the numbers of molecules of bridging group (Y), linking group 
(XNH), and nudeoside analogs (OR') per mole of carrier. When/;, and ? are ^1, the number of 
biidgmg groups (Y,), can be equal to or exceed the number of liiddng groups (XNH^) which can be 
equal to or exceed the number of nucleosides (OR') attached. The invention assumes that there is at 
least one mole of nudeoside analog per carrier (5^1), and can have up to 100 or more. 

1 5 In the Examples, the level of modification obtained is expressed as nunotes/g, where a gram 

is a gram of dry, final product. Expressed in this manner, the levd of modification is independent 
from the purity of the sample; no correction is made for water content, or the presence of other low 
molecular weight hnpurities. Table 1 provkles estimates for the ranges p,qatids per mole, referred 
to as the extent of derivatizatton, for some of the materials shown in examples. To estimate the 

20 extent of derivatization, a purity and molecular weight must be known. The materials are assumed 
to be 1 00% pure and have a molecular wdght 1 .25 times that of the carrier. The following formula 
provides a calculation to estimate the extent of derivatization: 




-13- 



wo 97/21482 PCr/US96/19794 

where 'Term, group' refers to the any of the tenninal groups attadied to during the 
synthesis of the final prodrug, i.e., p, ^ or s. 

It can be seen in Table 1 that the levels of derivatization vary widely, ranging from 8.5 
FUDr molecules per mole of coqugate (Example 24), to 72 aiaA molecules per mole of conjugate 
5 (Example 3 8). Similarly, levels of derivatization vary widely with amino or carboxylated derivatives 
of the carrier. 
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DexT-IO, CM 
HES(75).CM 
DexT-Itt,CM 
DexT-40,CM 
DexT-7D,CM 
PVA(16X CM 
HES{75)-CM, EDA 
HES(7S)-IPA, BDA 
Dex(40)CM.EDA 
I](s(40)-CM-EDA, FiiDr 
Di3c(70)CM-EDA, araC 
Dex(70)CM-EDA, Riba 
Dex(70)CM-ED^ AZT 
PolyG(2S)EDA, araA 
HES(75)IPA-EDA,araC 
HESC7J)CM-EDA araA 
Dex(T70)CM-EDA, ACV 



bi PolyG, polyglulaniaie; PVA, polyvinyl alcohol: 



Based on the above, when is dextran T40, Y is carboxymethyl (CM), XNH is ethylene 
(tiainine (EDA), OR' is FUDR, n=0, p= 16.3, 9=10, ^5, the prodrug in Example 24 can be 
esliiusted to have the following extent of denvatization: 



-IS- 



wo 97/21452 



PCTAJS96/19794 



Dextran (T40)-CM65-ED/W(PO2-FUDR).3 

Macixmiolecidar prodnigg can be used to treat any vM infection of an 
including but not limited to HIV, HC V, HBV, and herpes. Macromolecular prodrugs can be used 

5 to treat any cancer of an animal or human, including but not limited to carcniomas, sarcomas, 
tymphomas, and mdanomas. These prodrugs can be prepared for admimsttation by intravenous, 
subcutaneous, intramuscular or intradermal injections uang the appiopiiate fiirmulating agents 
available to the sidlled artisan. With then- high water solubility and molecular weight, the preferred 
loutes of adnumstration for macromolecular prodrugs are parenteral. 

10 ActMiy of the Prodrugs 

The "Iff"™"'"""'*'" prodrugs of the invention can have a Mgh sohibility in water, and can be 
charged at physiological pH. The phosphoramide {-NH-PO2-) bond used to link the carrier to the 
micleotide analog produces prodnigs that are stable in plasma, stable over a wride range of 
temperatures and pH, are resistant to enzymatic degradation by phosphatases and other enzymes. 
1 5 After cell uptake, the prodrugs are cleaved in a manner that releases a therapeutically active form of 
the nucleoside analog. In complex systems cleavage can occur in a variety of ways that yield 
therapeutically active agents, wth the preferred method of cleavage being between the (-NH-PO2-) 
bond. 

StabUity in Plasma. A dextian-araA prodrug made according to the teachings in Example 
20 41 was evaluated for stability m plasma and releasability as described in Example 43, After 
incubation in human plasma for 37°C for 1 hr there was no indication of breakdown products, 
particularly araA or araA monojAosphate (Figure 5). 

Lability with Cdl Extracts. A dextran-araA prodrug made according to the teachings in 
Example 41 was evahisted for labifity (releasability) in Iwer extracts as described in Example 43. 
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The chromatogram in Figure 6 shows that the prodrug breaks down readily in liver extract, as 
evidenced by the peaks for araA, araxanthosine monophosphate and aralnosine. 

The data from the release assay and the stability assay demonstrate surprisingly that the 
prodrugs of the invention have both Hccdlent stability m extraceUular fluids (plasma), yet breakdown 
S readily in tissue extracts. 

Antiviral Activity. A common method of evaluating the success of antiviral and anticancer 
agHits is by measuiing the efficacy and ttndci^ in tissue culture systems. The antiviral activity of tiw 
nuoDmolecular prodrug made according to tiie teadtings in Example 40 was evahiated in Hep G2 
ceUs, a common assay fi»r evaluating efficacy and toxicity of agent for Hepatitis B, as described in 
10 detail in Example 42. 

The prodrug of tiie invention demonstrated its capability in traversii\g cell membranes and, 
once inside tiie cells, showed sigoificantiy increased antiviral activity witii a corresponding decrease 
in toxicity over tiie unconjugated nucleoside araA. This is evidenced by the prodrug's 20-&ld 
improvement in the efficacy value (tite ECjo values of Table 3), courted wifli tiie cortespontfng 1 5- 
1 5 fold decrease in toxicity (the CC™ values of Table 3) when compared vritii tiie parent nucleoade 
araA. It was deduced that the increase in antiviral activity of the prodrug was the result of a more 
beneficial metabolism of the prodrug. Indeed, if improved delivery alone occurred both the values for 
tmucity and efficacy for the prodrug would be increased by the same ratio over the unconjugated 
araA, and the ratio of toxicity to efficacy (the SI value of table 3) would be tiie same for both araA 
20 and the prodrug of araA. It is further seen that when araA is used to syntiiesize macromolecular 
prodrugs it is transformed from a compound with an SI less than B-L-FTC ( SI for araA; 1 1 ; fl-L- 
FTC: 678) to one vwtii an SI greater than B-b-FTC (Conjugate: 4200 ). This infers that 
macromolecular prodrugs of nudeotide analogs can improve tiie saf^ and efficacy of nucleotide 
anatogs made from nucleoside analogs by overcoming poor transport into or poor phosphoiylation 
25 inside celU. 
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Other appropriate methods can be used to test for the antiviral activity of other prodnigs of 
the invention against other viruses. For example, to assess the antiviiai potential of the conjugate 
against Hepatitis C, surrogate test cultures, such as yellow fever virus (Vero kidney cells) and 
Bovine diarrhea virus in bovine kidney cells are used, as no culture for Hepatitis C currently exists. 
S The prodrugs can be assessed ibr anticancer activity by the methods known in the art for 

detemiming anticancer activity, for example, in murine tumor models such as murine leukemias 
(L12I0 and P38S cell Une), B16 melanomas, M5076 fibrosarcoma, and other breast and colon 

Synthesis of Macromolecular Prodrugs 

1 0 Table 3 summarizes several of the combinations of macromolecular polymers, bridging 

groups, linkers and nucleotide analogs that can be employed in practicing die invention. Any of the 
polymers in the left cohimn can be derivatized vnlh laiy of the bridging groups in cohimn 2. 
Fuitheimore, as described above, the derivatized canier can be iiirther coupled to any of the linking 
groups in cohimn 3 followed by conjugation to any nucleotide analogs in cohunn 4. Alternatively, 

1 S the diamines from column 3 can be reacted with the nudeotides ih>m column 4 and subsequently 
coupled to the derivatized carriers fiom cohimns 1 and 2. 
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Nucleotide Analog 




ribavirin 

araC 

FIAU 

ddl 

AZT 






Linking Group 
Diamine I-XNH-1, 




Mil y II 
ill p= f ^ 




Bridging Group 


III' 


isopropyl alcohol 
imidocacbonate 


Macromolecuiar 
Carrier, 


1 t ^ 


starch (HES) 
Poly\dnyl alcohol (PVA) 
HPMA 
PVP 
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Several general strategies for syntheazing the prodrugs are provided in the accompanying 
examples, and generalized reaction pathways are shown in Figures 2, 3, and 4. Figures 2 and 3 
describe the possible pathways that can be used when the composition includes a linking group 
S and a bridging group (p.? ^ 1 ). Figure 4 shows the possible pathways when the composition 
includes a linking group (p=0, 1 ). In the six schemes, a monophosphate nucleotide analog is 
shown in the pathways (n=0, 5^1 ); however, the di- and tri- phosphates forms can be substituted in 
the reactions. 

Ethylene diamine is shown as an example linking group in Schemes 1-6. Reagents such as 
10 base, carbodiimide and other reaction by-products are not shown in the pathways. The nucleotide 
analogs may be obtained commercially or synthesized from the corresponding nucleoside analogs. 

In Scheme I (Figure 2) a macromolecular polymer (MP-OH) is first reacted with a 
halogenated acetic acid Ofomoacetic acetic acid as an ecample) under alkaline conditions to add a 
carboxynwtliyl biid^itg group (-CH2COOH). In a separate reaction, the nucleoside analog (NsAn) 
15 is phosphorylated to a nudeotide analog (HjPOj NsAn) at the 5'OH position. (The O at the 5' 
position of the nucleoside analog is omitted from the schemes as it is auumed to part of the NsAn 
stiuctuie.) The lesultmg nucleotide analog is then reacted with the diamine linking group in the 
presence of carbodiimide (CDI). The derivatized macromolecular pdymer (polymer and bridging 
gnnq>) is reacted with the annne linking group-micleotide interme(Uate, agfia in the presence of CDI, 
20 to form the prodrug. 

In Scheme 2, the macromolecular polymer-brid^ group is reacted with the amine linking 
group to form the carrier (potymer-bridgmg group-amine terminated Ihddng group). The carrier is 
reacted with the nucleotide to form the prodrug coiflugate. It should be appreciBted that reaction 
pathways in Schemes I and 2 result fai the same prodrug. 
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In Schemes 3 and 4 (Figure 3), the macromolecular polymer MP-OH is reacted with 
<^ichlorohydrin or epibromohydrin to add a difierent type of bridging group to the polymer, an 
isopropyl alcohol groop (-CH2CHOHCH2-). As in Schemes 1 and 2, the nucleoside is converted to a 
nucleotide, then reacted with the an amine linking group to form the amine linking group-nucleotide 

5 analog intermediate (Scheme 3). The polymer-bridgiiig group and amine linking group are reacted to 
form the prodrug cotgugate. 

In Scheme 4, the polymer-bridgmg group product is reacted with the amine linking group to 
finm the complete canier (polymer-biidging gtoup-amtne linking group), whidi is then reacted with 
the nucleotide to fotm the prodrug coigugate. 

10 In Schemes 5 and 6 (Figure 4) the macromolecular polymer chosen (MP-COOH) has groups 

of sufficient reactivity such that no bridgmg group is necessary (p=0) between the polymer and the 
amine finking group-nudeotide imermediate. To firnn this prodrug, the amine Bnking group can be 
attached to the the nucleotide anak>g and this combination subsequently can be reacted with the 
macromolecular polymer (Scheme 5). Alternatively, the macromolecular polymer can be reacted 

1 5 with the bridging group, and this foimulaBon subsequently reacted with the nucleotide analog 
(Scheme 6). 

The preference of using one reaction scheme over another is generally made on the basis of 
such criteria as purity of the final product, ease of isolation, yiM, etc.; however, some general 
considerations regarding the syiithesis of the macromolecukir prodrugs foUow. 
20 When bifimctional reagents are used to form the macromolecular carriers (e.g., 

epichlorohydrin, epibromoiqrdrin), reaction conditions must be adjusted to nriiumize cross-linking 
between macromolecutor polymer chains. In general decreasing the concentrations of carrier 
lead to unacceptably low degrees of modification, or require the use of unacceptably laige reai^n 
vessels, vriieteas increasing the concentrations of canier tend to promote crosslinking. Cross-linking 
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is evident by an increase in molecular weight, which can be monitored by any of the usual techniques 
fi>r measuring molecular weight; size exckision chromatography or by light scatteiing are 
satisfactoiy. Cross-lmking may be mimmized by adjustii^ the concentration of mactomolecular 
carrier in the reaction, and by: 
5 (i) using high molar ratios of bifimctional reagents to macromolecular polymer during 

formation of the carrier; 

(ii) varying the order of the conjugation reaction, i.e. attaching the amine linking group to the 
carrier, then coupling the nucleotide analog to the carrier complex (Figure 2, Scheme 1 ), rather than 
coupling the macromolecular carrier to the amine linking group derivative of the nucleotide analog 

1 0 (Figure 2, scheme 2); 

(iii) using as a linking group a molecule with 2 primary amino groups with differing 
reactivities either within the same molecule (4-anmiophenylalkylanmie) or between different 
molecules (ethylene dianune vs butane diamine); 

(iv) using amino adds with blocked cariwxyl groups, to react the amino groups with the 
1 5 nudeotide, then debk)ckiiig the caiboiEyl group. 

Thus, the conditions for modifyiqg the macromolecular carrier need to be selected 
empirically for a given macromolecular carrier and modification chemistry. 

Unreacted, low molecular weight materials can be removed fiom Ugh molecular 
macromolecular cairier based compounds using ultrafihiition, gd fittratioa chromatography or other 
20 techniques. 

The phosphorylation reaction to convert nucleoside analogs to the corresponding nucleotide 
analogs can have difi&rem degrees of efiBciency. Purificaiion procedures, such as chromatography 
and preciphation, can be used to yield pure nucleotide analog. 
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When diamines are reacted with nucleotide analogs, ctosslinking can yield dimers, which can 
be represented as NsAn-POj-NH-X-NH-PO^-NsAn. These dimers lack a prinuuy amme and. in tlus 
form, cannot react with the macromolecular carrier. The presence of such stnictures can be 
ascertained by ion exchange HPLC or by capillaiy zone electrophoresis. Techniques tor Hmiting 
5 the formation of these dimers include adjusting the concentrations of reactants and the molar ratios 
the diamine to nucleotide analogs. 

The degree of modification of the maciDmolecular carrier is measured by appropriate 
analytical methods. When the macromoiecular carrier is modified by reaction with epichlorohydrin 
or epibromohydtin, the extent of chiotination or brommation can be measured by elemental analysis. 
10 The content of amino or carboxyl groups can be measured by titraion with acid or base, or by 
analytical methods where these groups are subjected to chemical modification, e.g. reaction with 
rdnhydrin for amino groups. 

The number of nucleoside analogs per gram of prodrug can be determined bom UV 
absorbance utilLring the extinction coefficient of the base of the nucleoside analog. Alternatively, 
1 5 radioactive nucleoside analogs can be used during synthesis and the specific activity of the prodrug 
used to verify the loading based on UV absorbance. 

The existence of an -NH-PO2- Imkage can be determined by measuiing the release of 
the nucleoside analogs in add. Relatively ttnld acids like perchloric acid 12%, IS minutes, 37 *C 
readily cleave phosphoraimde linkages while other types of linkages (peptide, ether, and 
20 phosphoester) are more stable. Linkage can also be asceitamed from "^C or NMR spectra. 

There are a number of routes to syntheaze the macromolecular prodrugs described in this 
invention, and, although several general strategies are described, pathwqra other than those 
described in the specification and figures are conceivable; the invention should not be considered to 
be Ifanited only to these embodunents. 
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Examples 

Example 1. Dextran (T10)-CM (Cartioxyrmthyl Dextran) 

Aqueous solutions were prepared of Dextran TIO (250 n^ml, Pharmacia), 8M sodium 
hydroxide, 2. 1 M bromoacetic acid, and 6M HO. The Dextran TIO and HCl solutions were used at 

S temperatures in the range of 22-25 °C, and the NaOH and bnnnoacetic add sohitions were 
refrigerated to 4-8 °C before carrying out tfie reaction. 

Dextran TIO (20 mL of the sohition) in water at 22-25 "C was placed in a bealcer. WhUe 
stirring the solution, 24 mL of 8 M NaOH at 4-8 "C was added quicldy (about 10 seconds). After 5 
minutes 13 mL of 2.1 M bromoacetic acid (3 .85g dissolved in 13 mL of water) at 4-8 "C was added 

10 to the stirring solution. The flask was rinsed vrith 5 mL of water and the rinse water was added to 
the reactants. The reaction solution was maintained at 22-25 °C. After 120 minutes the reaction was 
temunaled by neutraGzation with 6 M Ha. The sohition was dUuted to a vohune of 200 mL with 
distilled water (DIW) and ultrafihered agamst a 3000 MWCO (molecular we^it cut off) membrane 
to a voluine of 20 mU reconstituted to a volume of 200 mL with DIW and tiw ultrafiltration cycle 

15 repeated for a total of 5 uhiafiltration cycles. After tiie last uhrafiltration cycle tiie retained solution 
was frozen and lyophilized. The recovered sofid was caihoxymetiiyl Dextran TIO (sodhmi salt), with 
a caiboxyl content of approximately 1 .3 mmoles carboxjd per gram product. 
Example 2. Carboxymethyl Hydmxyethyl Starch (HES) (HES-CM) 

Aqueous sohitions were prepared of hydroxyethyl starch, (250 mg/mL, Ajinomoto Corp), 
20 8M sodium Iqrdroxide, 2.1 M biomoacetic add, and 6M HCI. The HES and HQ sdutions were used 
at temperatuies in tiie range of 22-25 °C, and tiie NaOH and bromoacetic add sohitions were 
leftigerated to 4-8 °C befiwe canying out tiie reaction. 



-24- 



wo 97/21452 



PCT/US9 6/19794 



Hydroxyetfayl starch (20 mL of the golution) at 2^25 "C was placed in a beaker. WhOe 
stirring the solution, 24 mL of 8 M NaOH at 4-8 °C was added quickly (about 10 seconds). After S 
minutes 13 mL of 2.1 M bromoacetic acid (3.8Sg dissolved in 13 mL of water) at 4-8 °C was added 
to the stirring solution. The flask was rinsed with S mL of water and the rinse water was added to 

5 the reactants. The reaction solution was maintained at 22-25 °C. After 120 minutes the reaction was 
tenninated by neutralization with 6 M HCl. The solution was diluted to a volume of 200 mL with 
distilled water (DIW) and ultrafiltered against a 3000 molecular wei^ cut off (MWCO) membitme 
to a volume of 20 mU reconstituted to a vohmie of 200 mL with DIW and the uhnfiltradon cyde 
repeated for a total of S ultnfiltration cycles. After the last ultrafiltration cycle the retained sohition 

1 0 was frozen and lyophilized. The recovered solid was carboxymethyl HES (sodium sah), with a 
carboxyl content of approximately 1 .0 mmoles caifaoxyl per gram product. 
Examples. CartMxymethyl Dextran (T10) 

Dextran (T10)-CM was prq>ared fbllowing the procedure in Example 1, substitutmg 13 inL 
of chlofoacetic add (2.1 M) for bromoacetic add. Tlie recovered product was caiboxymetfayl 
1 S Dextran (sodium salt), with a caitoxyl content of approximatdy 1 .3 mmoles caibox^ per gram 

Example 4. Carboxymethyl Dactran (T40) (Dextran (T40)-CM} 

Dettran T-40 (CM) was prepared fidlowiiig the procedure in Example 1, substituting 
Dextran (T40) for Dextran (TIO). The recovered product was carboxymethyl Dextran (T40) sodhim 
20 salt with a carboxyl content of approximately 1.3 mmoles carboxyl per gram of product. 
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Example 5. Carboxymethyl Dextran (T70) (Dextian (T70)-CM} 

Dextran T-70 (CM) was preparad foUowing the procedure in Example 1, substituting 
Dextran (T70) for Dextran (TIO). The recovered product was caiboxymethyl Dextran (T70) sodium 
sah with a carboxyi content of appnndniately 1.3 nunoles catboxyl per gram of product. 
5 Example 6. Carboxymethyl Polyvinyl Alcohol (PVArCM) 

Polyvinyl alcohol (PVA, 5 g. Scientific Polymer Products) was suspended in 50 tA water. It 
was stirred with a magnetic stirrer and wanned at 70 °C for 15 min to dissolve, then cooled to 25 °C, 
Cold (4 °C) S M NaOH (3 5 mi) was added to the PVA sohition, and stirred at 25 °C for 5 min. Fine 
particles precipitated fcoca the reaction mixmre SoHd bromoacetic acid (5.91 g) was added. The 

10 reaction mixture was stirred and the temperature was maintained between 20 - 25 "C After 2 h the 
i«action mixture was diluted with ice to 200 ml and neutralized with 6 M HCl (ice cold). The neutral 
reaction mixture was wanned to 70 "C until the fine particles dissolved, then cooled to 25 °C and 
filtered through a 0.45 m fiber. The solutian was uttrafiltered against DI water (1 .7 L), using an 
Amicon stir cell with a 3000 molecular weight cutoff membrane. The solution was concentrated to 

15 1 50 ml and lyophilized. Yidd was 6.03 g, which is more than 100 % because of the water coment of 
the product. 

The carboxymethyl content was determined by titration. The caiiMxymethyl content was 
0.5836 mmol/g, obtained as the average of three measurements. 
Example 7. Hydrmyettiyl starch - IPA -EDA 

20 A 1 L flask was charged with 21.5 g NaOH and 500 ml de-ionized water. The solution was 

cooled to 10°C, and 10 g HES (Heta-staicb, Ajinomoto Co., Tokyo, Japan). When the carbohydrate 
was dissolved, 50 ml of epichlorohydtin was added. The cooling bath was removed, and the 
heteregeneous mixture was vigorously stined fisr 24 h. The mixture was cooled to 5°C. and 200 ml 
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ethylene diamine (previously cooled to IITC) was added. The solution was heated to eS'C over 30 
min., the heat source was removed, and the solution was stirred fiv 24 h. After 24 h, 6 M HCl was 
added until the pH of the sohition was pH 9.0, cooling as necessary to keep the temperature below 
30°C. The solution was diluted to 2.5 L with de-ionized water, and ultraiiUered against a YM-3 
5 fflter(Aniicon,MWCO 3000) in a 2.5 L stir cell ultrafiltration ^aratus(Aniicon). After the fifth 
concentration, the retentate was filtered through a 0.2 |im filter, and lyopiulized. Yidd: 12.95 g. A 
ninhydrin-based end group analysis indicated there was 1 .0 nnnol EDA / g HES-IPA-EDA. 
Exampte 8. Lysne-P-AraA 

Either the methyl ester or ethyl ester of l-lysine is coupled to araAMP usmg water soluble 
10 caibodiiniide(l-(3 -diinethylamhiopropyl)-3 -ethylcaibodiimide or EDAC) as the couplii^ agent and 
(optional) hydroxybenzottiazole (HOBT) as a catalyst. The araAMP and lysine ester are coupled 
through a phosphoramide (N-P) bond between the 5' phosphate of araAMP and either the a or e 
amine of the lysine ester. The e N-P bond is expected to be the predominant form due to steric 

IS Example 9. Bhytene Diamine-FUCX^ monophosphate (EDA-P-FUO^) 

A. Prepanttion ofP-FUDR: FUDR (6.645g, 27 mmol. FUDR, PCR Incorporated, 
Gainesille, FL) was dissolved in tiimethyl phosphate (TOml) and cooled to VC. DI water (48ul, 2.7 
mmol), |^dine(2.02 ml, 30 mmol), and phosphorous oxychloride (2.78 ml, 30 mmol) were mixed 
with 30 ml of tiimethyl phosphate at 2°C and stirred for 2 min. This sohition was added to the FUDR 
20 solution dropwise over 30 min, then stiired at 2TC for 30 min. These sohitions were prepared and 
reacted together under inert atmosphere. Ice water (60 ml) was added and stirred at 2°C for 1 .Sh. 
The reaction mbcture was mixed with 30 g of ice water and extracted with methylene chloride (100 
ml X 4) to remove tiimethyl phosphate. The water phase was adjusted to pH 7 with 2M of LiOH 
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at 3-S°C over a 30 min period, concentiated to near diyness at 30°C under reduced pressure, 
resuspended in SO ml of water, and cooled to 3-S°C in an ice-water bath. A precipitate consisting 
oflitlmmitriphospliate was removed by filtration. The filtrate was concentiated to near diyness, 
redissolved in 40 ml otSVC DI water, and mixed with 100 ml of ethanol (70'C). The solution was 

S cooled to room temperature to precipitate the product. The precipitate was collected by filtration 
and washed with ethanol to give FUDR-S '-phosphate. Purity: 86% by HPLC. 

The product was iiirther purified to remove FUDR-3',5'-diphosphate by dissolving it 
in about 100 ml of water. Ethanol was added to the solution dropwise until the solution became 
cloudy. The cloudy solution was immediately centri&ged (at S°C) for 10 min and the precipitate was 

10 removed. The supernatant was mixed with 100 ml of ^anol and the precipitate was collected by 
filtration and washed with ethanol to give FUDR-5'-phosphate. 

A sample was further purified vntit anion exchange chromatography by use of 
Dowex 1x2-400 resin. Sample (0.48g) was dissolved in 5 ml of DI water and loaded the column 
(HCOO' form, column size 18 cm x 1.5 cm). The column was eluted with IM of formic acid 

1 5 isociatically . Fractions were collected with 1 00 drops each tube. The firactions were analyzed with 
HPLC. Fractions 81 to 190 (about 6 ml each) were combined and concentrated to about 2 ml and 
ac^usted to pH 9.5 with IM UOH. The content was added to about 10 ml of 70°C ethanol and tiie 
precipitated was collected by filtration and washed with ethanol to give 52 mg FUDR-S'-MP. 

NMR(6,ppm, inDiO): 'H: 2.08-2.12(m.2H), 3.60(t, 2H), 370-3.72(m, IH), 

20 3.89-4.34{m, IH), 6.09-6.12(ni, IH), 7.71-7.73(d, IH). "C: 38 5(1C), 63.4(0.5CX 63.S(0.5C), 71.0 
(IC), 85.3(1CX 85.5(0.5C). 85.7(0.5C). 123.9(0.5C), I24.3(0.5C), 140.6(0.5C). 143.3(0;5C), 
156.8(1C), 167.5(0.5C), 167.7(0.5C). "P: 4.67. 

B. Pnpanttion of EDA-P-FUDR: 0.6 mL of ethylene diamine (O.S38g,) was dissolved in 2 
ml of DI water and 0.35 ml of HCl (12M) was added dropwise. One gram of FUDR-S'-phosphate 
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(3.69 mmol, 91% pure) was added and stirred until completely dissolved. The sotutUm was adjusted 
to pH 6.3 with 6M HCI and heated to SCfC with stirring. EDAC(lg) was added and the reaction 
was stirred at SO°C for Ih. An additional one gram of EDAC was added and stirred at STC for 30 
min. The reaction mixture was adjusted to pH 10 witii IM UOH and concentrated to a syrup. 

5 The syrup was mixed with 40-50 ml hot ethanol (5(fC) and a preciintate was 

obtained. The predpitatc was filtered and washed witii ethanol. The product (0.54g) was 87% pure 
by HPLC. The motfier soUition was concentrated and suspended in 20-30 ml of ethanol. The second 
precipitate was fihered and washed with ethanol to give 0.2g of product, 89% pure). The sample 
was purified for NMR by ion-exchange chromatography. 

10 Proton NMR of EDA-FUDR-5'MP: 'H NMR(D20): 2.21-2.27(in, 2H), 2.91-2.98(ni, 4H, 

N-CH2-CH2-N), 3.85-3.89(m, 2H), 4 021-4.026(b, IH). 4.38-4.40(m. IH), 6.15{t. IH), 7.95(d, 
IH). "CNMR: 38.2(1C), 38.7(1C), 40.67(1C), 63.7(1C), 70.5 (IC), 85.5(2C), 123.9(0.5C), 
124.3(0.5C), 140.6(0.5C), 143.3{0.SC), 156.8{tC). 167.5{0.5C), 167.7(0.5C). 
Example 10. Bhylene Diamine AriC monophosphete (EDA-P-amC) 

1 5 AraCMP (266 mg, 0.82 mmol, Aldrich) and 70 ul (1 .04 mmol) etlqteie diamine were 

dissolved in 2.06 ml deionized water, and the pH was adjusted to 6.3 using 6M HQ at 5CPC. The 
reaction was initiated by adding 3 1 2 mg (2x0.82 mmol) EDAC. The reaction was kept stirring at 
50°C for 2 hours before an additiorad 82 rag EDAC was added. The reaction was kept stirring at 
50°C for another hour, and HPLC showed that the reaction was completed. Ethanol (10 ml) was 

20 added to the reaction mixmre, and the product was precipitated after standing Ih at 4''C. The 
product was collected by filtration and redissoWed in 1 .5 ml water. Ethanol (4 ml) was added, the 
product was collected by centrifiigation, and dried under vacuum. Yidd: 250 mg. 
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Example 11. Ethylene DiaminB-Acyclovir nmnophosphate (EDA-P-ACV) 

Preparation ofP-ACV: Acyclovir (6.075g, 27 mmol), trimethyl phosphate (65 ml, 0.S6 
mol), and DI water (48.2 ul, 2.7 nunol) were mixed under inert atmosphere and stirred at room 
temperature for Ih with occasional sonication (5 min periods) to achieve a finely dispersed solid. The 
5 mixture was cooled with an ice bath (2*C) for 10 mm then POCI3 (3 ml, 32 mmol) was added 

dropwise over 5 min. The ice bath was removed and the scdution stirred at room tempeiature for 30 

The solution was cooled to 2°C in an ice bath. Ice water (60 ml) of was added, and the 
reaction mixture stirred at 2°C for Ih. The sohition was extracted with CHjaj (SO ml x4). The 

10 water phase was adjusted to pH 8.S using 2M UOH with ice bath cooliitg, and ttined al 5-10% for 
2h. The pH was adjusted to pH 9 with 2M LiOH. The solution was concentrated to about ISO ml 
and then mixed with 250 ml of ethanol. The preci|Htate was collected by filtration and washed with 
ethanol, giving a sdid. 

The soUd was dissohwd in 250 ml of distilled water (60-70°C). The mhoure was 

1 5 cooled to room temperature and cennifiiged at 10000 RPM for 30 min at S'C. The supernatant was 
concentrated to about SO nd and mbced with 80 ml of DMF. The lesuhing prediHtate was sonicated 
for S nun, collected by filtration and washed with DMF. The product was mbied with 60 ml of DMF 
and stirred at room temperature overmght. The preci|ntate was filtered, washed with DMF and 
^hanol, and dried under vacuum to give 8.3g. Reverse phase HPLC showed 97% pure (CIS 

20 column, flow rate: Iml/min; fluent: 3% MeOH in Smmol KH2PO4, pH 3.6) 

NMR(ppm) 'H: 3.48-3.50(m, 2H), 3.S5-3.57(m, 2H), 5.24(s, 2H), 7.66(s, 1H)."C: 
62.7(d, IC), 68.8(d, IC), 72.5(s, 1C). 115.6(s, IC), 139.8, (s, IC), 151.3(s, IC), lS3.8(s, IC), 
158.7(s.lC). "P: 4.6(s. IP). 
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Preparation afEDA-P-ACV: 0.6 ml of ethylene diamine was dissolved in Iml of DI 
water and HCl (12M, 1 .8ml) was added dropwise to adjust the pH to 6.5-6.6 at room temperature. 
One gram of Acydovir-phosphate (3.15mmoI) was added and stirred at 54"C. Water (2.4ml) was 
gradually added and pH dropped fiom 6.6 to 5.97. The solid was not completely dissolved. EDAC- 
5 HC1(2 g) was added portion-wise over about Imin and stirred at Se'C fiw 20niin (pH 6.2). 

An additionid 0.6g of EDAC was added and the reaction vras stirred at 50»C for 50 
min. The reaction was cooled with ice, and a precipitate fiamed which was filtered and washed wiA 
rCwater(lnil),H20/ethanol {l:l,4njl), and ethaaol (10 ml) to give wMte solid product 0.65g. 
The product was resuspended in water (about 2 ml) and nrixed with 15 ml of ethanol to give purified 
10 EDA-P-ACV. 'HNMR(ppm): 2.88(br s, 4H), 3.62(s, 2H), 3.76{5, 2H), 5.38(s, 2H). 7.80(s, IH). 
Example 12. Bhyiene Diamine-FIAU nmnophosphate (EDA-P-FIAU) 

A.PrepanilionofFUU-5 -monofaio^hcae: FIAU was synthesized according to the 
literature procedure [ RG. Howrell, et al: J. Org. Chem, Vol 53, 88-92 (1988), incorporated herein 
by reference]. FIAU-MP was obtained by selectively phosphonrtating 5'-0H group according to the 
IS following procedure. 

To a mixtuie of phosphoiyl chloride (2.58 mlX pyridine (2.44 ml), water (0.317 ml) and 
acetonitrile (6.3 ml), wWch was maintuned at 2*C with stining, 2.34 g FIAU was added, after wWch 
the mixture was maintained at 2°C for Ih. UOH (60 ml, 1 M) was added to the nrixture to quench 
the reaction. The mixture was left standing ovemi^ and the Uthium phosphate precipitate was 
20 collected. After the filtrate was concentrated to about 10 ml, 40 ml EtOH was added to precipitate 
the product. The product was collected by centrifiigation and subjected to Sectional precipitation to 
remove FIAU-3',5'-diphosphate. The collected product was redissolved in water, and ethanol was 
added to the sohdion dropwise until the sohition became doudy. The doudy sdhition was 
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immediately centrifiiged and the superaatant was mixed with 40 ml ethanol to piecipitatethe 

product. 1 . 1 g FIAU monophosphate was obtained, fiee of diphosphate. 

B. Preparation ofEDA-P-FIAU: FIAU-monophosphate (P-FIAU, 1.S4 g ( 3.4 mmol)) and 

323 ul (3.4 mmol) etfaylenediamine were dissolved fai 8.S ml deionized water, and the pH was 
S adjusted to 6.3 wnng 6M HCl at 50°C. The reaction was initiated by adding 1.3 g (2x3.4 mmol) 

EDC. The reaction was sthied at 50°C for 2 hours before an additional 0.34 g EDC was added. 

The reaction was kept stining at 50°C for another hour, and HPLC showed the reaction was 

complete. The mixture was adjusted to pH to 12 using 5 M NaOH and stirred for 0.5 h. EtOH (40 

ml) was added to precipitate the product, which was collected by centrifiigation and subjected to 
10 water-EtOH precipitation two more times. HPLC showed that purity was about 80%. A fraction of 

the product (about 50 mg) was loaded to C18 Sepak cohunn and eluted with water. The fraction 

containing the product was pooled and roter-vaped. The purified product had more than 97% purity 

and 'H-NMR was obtained. 
Example 13. Ethylene Diamine AZT mono/Omsphate (EDA -P-AZT) 

1 5 Preparation of P-AZT: A100 ml round bottom flask with stir bar was diarged with 44 ml 

acetonitrile, and 13.96 ml POCI3. The mixmre was cooled to 0°C, and 1.34 ml de-ionized water was 
added, foUowed by 12. 1 ml pyridine. After stirrmg 2 min., 10.0 g AZT was added. The mixture was 
stirred for 60 min. at room temperature, cooled back down to 0°C on an ice bath, and added to 200 
ml ice cold 1 M UOH. The pH was monitored, and 4 M LiOH was continuously added until the pH 

20 st^ilizedtDpH&-9. The solution was stirred overnight, and a final pH adjustment to pH 8-9 was 
made. The precipitate that fiumed was filtered offusing a coarse gjkusfiittedfiunel, ISO ml, and the 
predpitate was washed twee with 25 ml de-ionized water. The ffltrate and water washes were 
combmed and evaporated at 40°C. Crude yield: 76 g.ydlow solid. To the residue was added 100 

ml EtOH and 400 ml MeOH. After heating to a gentle boiling, the solid was collected on a medium 
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glass ftit funnel, and washed successively with 2 x 100 ml acetonitrile. The product was di 
vacuo. Yield: 12. 1 5 g, yeUowish solid. The solid wa 



inSOnd 



activated carbon was added. The caibon was removed by 0.2 \im filtrarion, and Amberiite !R- 
120H+ resin was added untU pH 2. 1 5 v«s reached. The rean was filtered effusing a 0.2 |iffl filter, 
5 and 0. 5 g activated charcoal was added. The charcoal was removed by 0.2 |im filtration, and the 
solution was lyophilized. Yield: 1 1.45 g, yeUow soUd. CZE of this material indicates it b 96% 
pure. IR: 21 12 cm ', strong. To fiirther purify this material, 4 gofthe product was sonicated with 
50mlethanolfor60min. The solid was collected by centrifiige and dried under vacuum; Yield: 
2.65 g. Anion exchange HPLC indicates the product is 99.2% pure. 
10 Preparation of EDA -P-AZT: To 2.22 g ethylenedlamine dihydrochloride in 8 ml de-ionized 

water was added 4.00 g P-AZT and 0.732 ml ethylenediamine. The pH was adjusted to 6.3 by 
adding 6 M HCI (about 1 .4 ml). The mixture was heated to 50°C, and 5.2 g EDC was added to the 
stining mixture. After stirring for 60 min., the mature was cooled to room temperature, and the 
water was removed in vacuo. The reimrinBig soUd residue was triturated with 50 ml EtOH, and 75 
15 ml acetonitrile was added. The soBd was collected on a Buchner fiinnel (Whatman #2 filter paper), 
and washed with 25 ml acetomtrile. The solid was suspended in 50 ml acetonitrile, and agnn 
collected on the Buchner fiimiel (fiesh Whatman #2 filter paper). The soKd was dried under vacuum. 
The solid was dissoh«d in 4 inl de-ionized water, and the soUition was cooled on an ice water/ba^ 
To the crude product soUition was added 5 MUOH until pH 11.15 was reached. The sohition was 
20 0.8 Mm fihered and added dropwise to 100 ml EtOR To the ethanoKc sohition was added 200 ml 
acetonitrile. The prediAate that fonaeA was coUected on a Buchner fiimid (Whatman #2 filter 
paper). The soBd was dried under vacuum. Yidd: 1.8g. Anion exchange HPLC: 89.6% pure. 
TLC: Metok SUca Gel-60. 0.5 mm. cat 5744; single spot, ratio of fiimis = 0.23, EDA is not 
detected down to 1 mol %. 
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Example 14. Bhytene IXarmne ddA monophosphate (EDA-P-ddA) 

A. Preparation of Dideoxyadenosine Monopfw^hate (ddAMP): To a stirred mixture of 
dideoxyadenosine (ddA) ( 1 00 rag) in 4 mL of triraethylphosphate was added 100 nL of phosphorous 
oxychloride. After stirring for 1 hour, the reaction mixture was poured into a solution (5 mL) of 4N 
5 LiOH after stirring for 1 hour, the LisPO-i was filtered off and the water removed under vacuum 
leaving residue of trimethyphosphate and product. The solid collected by ffltratiDn and redissdved in 
2 mL of water. Undissolved material was removed by filtration and the product predpitated by 
addition of 1 0 mL of ethanol. After filtration the piecipitation was repeated yidding 27 mg of 
ddAMP dUithium salt based on CZE retention time. The product may also be obtained by ion 



B. Preparation of tSdeacyadenosine-S ■-(2-aminoelh)a)i^io^>hormiidaie: The pH of a stured 
mbcture of ddAMP (filithhmi salt (100 n«) and 80 mg of ethytenediamine hydrochloride in 100 nL of 
water is adjusted to pH = 6.3 by careful addition of etkylene diamine. The sohition is then heated to 
50»C and 160 mgofEDC is added. After stirring for 1 hour, the water is evaporated in vacuo and 4 
mL of ethanol is added. The precipitate is collected and redissoWed in water (200 (iL) and the pH 
adjuaed to 11.5 with 4 N LiOH. The solution is then pouted into 4 mL of ethanol and the 
precipitate (dideoxyadenosine-5'-(2-aminoethyl)phosphoramidate as the lithium salt) collected. 
Example 15. Ethylene Diamine-Ribavirin monophosphate (EDA-P-Riba) 

A. Preparatitm of Ribavirin 5'-Monopho^hale: The mami&ctuie and qnthesis Ribavirin 
(ICN Pharmaceuticals, Cosa Mesa CA) are described in US Patent No. 4,21 1,771, incoipixrated 
herein by reference A diy 1 L ml 3-neck round bottom flask, equipped with a stir bar, gas inlet 
ad^rter, and thermometer, was chaiged with 50 g Ribavirin (0.204 moles), 500 ml trimethyl 
phosphate, and 0.367 ml de-ionized water (0.0204 moles). The mbaure was cooled under nitrogen 
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with an ice/water bath. When the temperature reached 10°C, 23.3 ml phosphorous ragrchloiide was 
added, the flask was removed from the ice bath, and the mixture was stirred under nitrogen. After 
30 min., the flask was cooled m the ice/water bath. When the temperature reached 10°C, the 
mixture waspouFedintoa2Lbeakercontumng 1000 ml ice water. The pH was adjusted to pH" 
5 9.0 using 4 MLiOH and the mixture was stiired overnight. After final adjustment to pH 9, the white 
precipitate that has formed is filtered away using a 0.2 mm fiher. The mixture was evaporated at 
40''C under reduced pressure to 1 L. The sohition was added to 1 L hot ethanol dropwise. The 
white predphote was collected on a 2 L gbas fritted fimnel, coarse grade, washhig the solid whh two 
100 ml portions of ethanol, re-suspending the solid each tune. The product was dried under vacuum 

10 overnight, yield: 89 g. The solid was dissolved in 200 ml de-ionized water, and 5 g activated carbon 
was added. The mixture was filtered through a 0.2 mm filter, washing the carbon with 50 ml de- 
ionized water The filtered solution was added dropwise to 1200 ml hot ethanol. The mixture was 
cooled to room temperature, and the precipitate was collected on the 2 L glass flitted funnel. The 
solid was washed with 2 x 100 ml ethanol in the fimnel, and dried under vacuum. Yield: 66.6 g. 

15 The dried product was dissolved in 200 ml de-ionized water. Amberiite IR-I20 H.C.P. resin (H+ 
form) was added until the pH of the mixture reached pH = 2.18. The resin was filtered off usmg a 
0.2 mm filter, and the final sohition was lyopfailized. Yidd: S4.8 g (0. 160 moles), 78.5%, Ribavirin 
S'-monophosphate. Elemental analysis mdicates the product contains I mole water / mol libavirin 
5 ' -monophosphate. 

20 B. PreparatUm cf Ribavirin 5'-(2^inoethyl)pho^>horamidau (EDA-P-Riba): A tared 1 L 

24/40 standard taper flask with a stir bar was charged with, in order, 10 g ribavirin 5'- 
monophospbate monohydrate (29.4 mmoles) (from A, above), and 10 ml de-ioiuzed water. The 
sohition was cooled on an ice bath, and 10 ml l,2'eth)4enedianune (150 mmoles) was added, 
followed by 6 M HCl until pH - 6.3 was obtained (about 40 ml). The flask was placed in a water 
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bath heated to SO'C, and 30 g EDC ( 1 56 imnoles) was added. After stirring for 30 min., another 10 
g EDC (52. 1 mmoles) was added. Mowed by stirring for 60 am. at SO°C. Most of the water was 
removed in vacuo using the rotoevaporator until a total weight of 82 g remained. The resulting thick 
oil was triturated with 400 ml EtOH. The precipitate that formed was collected on a glass sdntered 

5 Buchner funnel (coarse) undernitrogen. The solid was re-suspended in 400 ml fiesh ethanol, 
collected on the Buchner funnel, and dried under vacuum. Vidd: 11.93 g, white solid. The dried 
solid was dissolved in 10 mi water and cooled on an ice bath. To this mhcture was added cold 4 M 
LiOH until pH 11 .S was reached. The solution was 0.8 mm filtered through a syringe filter into 400 
ml ethanol dropwise. The precipitate was collected on a porcelain Buchner funnel (Whatman filter 

10 paper #54), washed with ethanol, and dried under vacuum. Yield: S .95 g, 97.3% pure by anion 
exchange HPLC analysis. The ethanol filtrate from the LiOH/EtOH preciphation was concentrated 
under reduced pressure at 40°C to 50 ml. The precipitate that formed was collected by filtration, 
washed with ethanol, and dried under vacuum. Yidd: 1 .40 g, 97.9% pure by anion exchange HPLC 
analysis. The combined yield is 7.35 g, (17.6 nrnioles), 60.2 mo! % from ribavirin 5'-monophosphate 

1 5 monohydrate. NMR analysis shows 1 mole EtOH / mol ribavirin 5'-(2-aniaioethyl)phosphoramidate. 
TLC analysis (Silica Gel 60, Merck, F2S4, 7:2: 1 /-PiOH/water/28% ammonia) indicates the 
ethyienedianune content is less than 0.27 % by weight (1.8 mole %). 
Example 16. Ethytene Oamine-araA monophosphate (EDA-P-araA) 

To a mixture of ethylene diamine (2.5 mL), adenosine 5-monophosphate (10 g), and 1- 

20 hydroxybenzotriaz(4e (HOBt, 3.7 g) was added l-ethyl-3-(3-dunethy]aminopropyl) carbodiimide 

^C, 1 5 g) over 3 .5 h at 40<'C in 4 ponions. The water was removed under vacuum and the 

produa triturated with SO mL of 2:1 CHjCN/MeOH. The solid was washed with an additional 100 

mL of Bcetonitrile and dried under vacuum at S0°C. The soHd was passed through a 2.S cm x 25 cm 

cohmm containmg 1 00 mL of wet vohime Amberlite IR-120 (Na fcirm) ion exchange resin. The 
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fractions containing the product, ethylenediamine-araAMP (EDA-P-aniAMP. first 250 niL) were 
combined and the water was removed under vacuum. The product was again triturated with 2: 1 
acetone/MeOH, and washed with 100 mL of acetone. The product was dried under vacuum for 2 h 
atSO'C. Yield: 8.2 g. 
5 Example 17. HES-IPA-Hexane Diamine- (HES-IPA-HDA) 

A. Preparalim ofHES-lPA-Br: HES (2S0 g) is dissolved in 874 mL water. ZafNih (62.S 
g) is added and the reaction transferred to ajadceted vessel. Oil, circulating at 130°C is circulated 
through the jacket. When the contents reach 100-110°C, 12S0niLofepiiironiofaydrin is added. The 
mixture is stirred for 90 minutes and the temperature nudntuned. The mixture is exhaustively 

10 ultrafiiteied. The tetentate is lyophiEzed. Elemental analysis of bromine: 2-5% bromine by weight, 
or0.25-O.Smeq/g. 

B. Preparatitm of HES-IPA-HDA The product CHES-Br, 1 5 g) is shirried into 80 mL DMF. 
Elexamine diamine (lOOg) is heated to mdting, filtered to remove particulates, and added to the 
slurried HES-Br. The mixture is heated for 5-10 min at 60°C to dissohw aU reactants, then 

I S maintained at 40°C for 4 h. The product is precipitated with ethanol, washed with ethanol, and 
redissolved in water. It is ultrafihered fbur times with the addition of about 5 volumes of water per 
volume o f concentrate, using a 3000 MW cutoff ultrafiltration fitter. The recovered material is 
lyophilized. The annne content is determined by ninhydrin assay. 
Bampte 18. HES-IPA-Butane Diamine (HES-IPA-BDA) 

20 HES-IPA-Br (fiom Example 1 8A, 22 g) is nuxed with molten butanediamine (82 g) in DMF 

fbr4hat75'X:. Water (50 mL) is added and the nnxture cooled in an ice bath. Chlorofium (500 
mL) is added in separatoiy fiinnel and the material shaken and allowed to settle. The top aqueous 
layer is saved and extracted with 200 mL, then 100 mL of chlorofixm. A final extraction is 
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perfomied with 200 mL ethyl ether. The aqueous portion is evaporated and redissolved in water. It 
is then ultrafiltered four times with the addition of five volumes of water per vohmie of concentrate 
using a 3000 Dalton molecular weight cutoff ultrafiltration membrane. The completoiess of the 
ultrafiltration process is confirmed by testing the amine content of the filtrate. The retentate is 
5 vacuum dried. The product is analyzed for amine content by ninhydrin assay. There are 0.4-0.5 meq 
of butanediamine per gram of product. 
Example 19. 4 aminophenylethylamine-araA monophosphate (4PDA-P-araA) 

AraANfP (378 g, 1 mmol) and 4 aminophen^ethylamine (197 ^L,1.S mmol) are dissolved in 
1 mL deionized water, and the pH is adjusted to 6.3 using 6M HCI at SO °C. The reaction is inhiated 
10 by adding 384 mg EDC. The reaction is monitored by HPLC until completion. If it is not completed 
within 2h, an additional 80 mg EDC is added. The reaction is stined at SO"C for another hour. EtOH 
(20 mL) is added to precipitate the product The product is characterized by TCL, HPLC and NMR. 
Example 20. Bhylene IXamine-Adenine tSfOmsphatB {EDA-TP-M) 

Ethylenediamine(0.22Sg) was dissolved in 2ml of DI water and stined. adenine diphosphate 
IS sodhim salt (Ig, ADP, Sigma Chemicals) was added and stined until completely dissolved. HCI 
(0.5ml, 6M) was added dropwise. The sohition was adjusted pH 6.3 with 6M HQ and heated to 
SO'C with stirring. EDAC(lg) was added and stined at 50°C for Ih then 0.2Sg of EDAC was added 
and stined at SO°C for 30 min. 20nil DMF was added and placed in 0-S<>C for 16h. 

The preciintate was collected and dissolved in 2nil of DMF. The solid was filtered and 
20 redissohred in Iml of DI water. 1 0 ml of DMF was added and the precipitate was filtered and 
washed with ethanol. Yield 0.93g. 
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Example 21. Ethylene Diarmne-Meme triphosphate (EDA 3P-Ad) 

Ethylenediamine (0.253 ml) was (tissolved in 2inl of DI water and stirred. ATP (l.lSg, ATP 
disodiura salts, from Sigma) was added and stirred until completely dissolved. Tiie solution was 
adjusted to pH 6.3 with 7.5 M HCl and heated to 50°C innth stirring. EDAC(lg) was added and the 
5 reaction was stirred at 50°C for Ih. EDAC (0.25g) was added and the reaction stirred at 50°C for 30 
min. DMF (20inl) was added and the reaction was chUled to 0-5^ for I6h. The precipitate was 
filtered and washed by DMF and dried. Yield I.4g. 
Example 22. Polyg^mate-EDA-P FUDR 

To a reaction vessel, 70 mg of 5 M NaOH solution and 7.9 mL of distilled water were 
10 combined. While stirring, 1 1.5 mg of HOBT was added and the solution was heated to 50 "C. The 
pH was adjusted to 5.5, and 25 mg of poly-L-glutamic acid was added. EDA-P-FUDR (1 10 mg, 
firom Example 9) and 265 mg of EDAC was added to the stining sohition. The reaction was 
continued under stining at SO C for 90 minutes, then 16 hours at ambient temperature. 

Measurements of the molecular weight distributions were made \mth an Ultrahydrogel 250 
1 5 cohimn. The injection vohirac was 20 |U. The mobile phase was the 20 mM phosphate buflfisr (pH 
7.3) with a flow rate of 0.4 ml/mm.. Mw (kDa) 19.832; Mn (kDa) 13.634; Mp (kDa); 15.849; 
Mw/Mnl.4S. 
Example 23. Dextran (40 kDa)-CM-EDA 

A mixture of Dextran (T40) CM (Na salt; 50.27 g. 0.0709 mol COO-) prepared as described 
20 in Example 4, 1,2-ethylenediamine (50.1 g, 0.835 mol), l-hydroxybenzotriazole hydrate (68.5 gl 

0.507 mAX N,N,hP,N •-tetraethyiethylenediamine (100 g) in HjO (125 mi,) was cooled in an ice bath 
wMle being neutnlized with concentrated Ha to pH 6.9. After warmiiig to room temperature, 1 - 
ethyl-3-(3-dimethylaniinopropyl)caibodumide hydiochloiide (96 g. 0.50 mA) was added and the 
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reacstion mixture was gtined for 23 h. The reaction mixture was mixed with HjO (700 mL) and the 
product was isolated by ultrafiltratioii with a 3 kDa cut-offfilter (Diaflo® YM3, Amicon, Beveity, 
N4A). The retentate was washed with 0. 1 M NaCI (2 X 700 mL) and H2O (6 X 1500 ml). The 
product was lyophilized to yield an oiT-white solid. Vidd: 46 g. Elemental analysis: 1 .69 wt % N, 
0.60 mmol ethylenediamine/g conjugate. 

Example 24. Dextran (40 kDa)-CM-EDA-P-FUDR 

An aqueous solution (S niL) of 2'-deoxy-S'-pho8phate-S-fluorDuridiiM FUDR-MP Li salt ( 
0.286 g, 0.8S mmol, P-FUDR prepared as described in Example 9A). Dextran (T40) CM-EDA fiom 
Example 23 (1.31 g, 0.79 mmol -NHj) and l-ethyl-3-(3-dimethylaminopropyl>«ariiodiifflide 
hydrochloride (0.60 g, 3.1 mmol) were stiired at 48-50'^ for l.S h. At room temperature, the 
sohition pH was 8.4. The product was isolated by ultrafiltration with a 30 kDa cut-^fiher 
(Diaflo®, PM30, Amicon, Beverly, MAX washed with 0. 1 M NaQ (50 ml) and HjO (7 X 50 mL). 
Lyophilization yielded a'white oystalline soKd. rield: 1.25 g. Elemental analysis: 0.53 wt % P, 0.17 
mmol FUDR-MP/g conjugate. 
Example 25. Dextran (70 kDa)~CM-EDA-P-araC 

1-Hydroxybenzottiazole hydrate 68 mg (0.504 mmol, HOBt) was dissolved in 2.5 mL 
distilled water and pH was adjusted to 5.5 using 5M NaOH at 50 "C. Dextran (X70y<M 200 mg 
(fitun Example 5) and 126 mg (0.346 mmol) of EDA-P-4ibC (Example 10) we» added. EDC (320 
n^ 2.56 mmol) was added after all the reagents were dissolved. The reaction was maintained at 50 
°C for 1 .5 hour with stirriiig, and then overnight at room temperature. The reaction mixture was 
dihited to SO ml with water and uUrafiltered twice against a YM3 membrane (Amicon, Beverly MA). 
Sodium chloride (0.66 g) was added to SO ml water, and this solution was used for third 
ultrafiltration, followed by 5 more ultrafiltration against water. After the last uhrafihration, the 
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residue was filtered thnnigli a 0.22 (im filter and lyopliilized. Yield, 143 rag of white powder. EDA- 
P-araC loading: 0.179 mmol/g. M„69K 
Exa/np/e 26. Dexlran CM-4PDA 

A 1.0 ml solution containing 45.3 mg (0.335 nnnol) HOBt and 135 mg de>ctran(T10)-CM 
5 (fi-om Example 1) is added to a reaction vial. The pH is a^sted to S.S using S M NaOH at 50°C, 
Mowed by adding 4-aniinophenjiethylainine (44 ^L, 0.335 mmol). EDC (213 mg) is then added to 
start the reaction. The reaction is maintained at SO°C for 1 .5 hour with stilting, and then overnight 
at room temperature. The reaction mixture is diluted to SO mL with water and ultnfilteted twice 
against a YM3 membrane. Sodium chloride (0.67g) is added to SO mL water, and this solution is 
10 used for third ultrafiltration, foUowed by 5 more ultrafiltrations against water. After the last 
ultrafiltruion, the residue is fihered through a 0.22 |im filter and lyopUiized. 
Example 27. Dextran(70 kDa)CM-EDA-P-dclA 

DideoxyadencHne-S'-(2-aminoethji) -phosphoramidate (100 mg, from Example 14) and 
Dextran T-70 (1000 n«, fiom Example S) are added to 1 mL of water and the mfaoure is stared until 

15 complete dissohition. HOBt (50 mg) is weighed out and ~ 2fl is added to the reaction. After 

dissohjtion the pH is measured and additional HOBt added until the pH = 5.65. The reaction is then 
placed in a S5»C water bath and 250 mg of EDAC is added. For the first ten mmutes of the reaction 
the pH is maintained at < 6.25 by the carefid addition of 6N HCl then stured for two hours. 

The reaction mixture phis 3x5 mL washes are transferred to an Amicoa Ultrafiltration cdl 

20 with a YM3 3K MWCO membrane. NaG (200 mg) is added and the solution dOuted to 50 mL. 
The sohition is then filtered down to 10 nL and the process (without NaCl) repeated 5 times. After 
the final fihtation, the retentate is lyophiKzed to the conjugate as a vriiite soUd. 
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Example 28. Dextran(70 kDa)CM-EDA-P-Ribavirin 

A solution of 20 ml de-ionized water, 2.00 g Dextran(70 lcDa)-CM (from Example 5), 1.93 g 
EDA-P-riba (from Example 15), and 0.67 g HOBt was heated to SCC. The pH was measured, and 
additional HOBt was added until pH 5.66 was reached (O.S g additional HOBt added). To the 

5 stirring solution was added 3.2 g EDC. The mixture was stiired at SOX for 60 min., and then stirred 
at room temperature fi>r 16 h. The mixture was next diluted to 200 ml with de-ionized water and 
repeatedly ultrafiltered with de-ionized water against an Amicon YM-3 3000 MWCO ultrafiltration 
membrane in a 200 ml ultrafiltration stirred cell. After the first concentration, 2.0 g NaCl was added. 
After the fifth concentnition, the retemate was 0.2 (un filtered and lyopMlized. Yield: 1.9S g. UV: 

10 X max = 191 nm, A214 nm = 0.4018 for a 0.100 mg/ml solution; libavirin loading based on 

measured s = 10455 W' at 214 nm for ribavirin = 0.4013 mmol/g. aS-HPLC: Mw = 187.25 K, 
Mn = 101.25 K, Mw/Mn = 1.85, Mp = 229.09 K; retention time = 13.85 min. for 0.4 ral/min. flow 
rate on the Waters Ultrahydrogel 250 column, 7,8 x 300 mm. 
Example 29. Dextran (70 ld3a))-HArEDA4=-araC 

1 5 A dextran hexanoic acid derivative utilizing a 70 kDa dextian was obtained from CaiboMer 

(Westboio, MA). EDA-P-araC (ftom Example 10) is reacted whh 200 mg of Dextran-HA as 
described in Example 25. 
Example 30. Dextran (T10)-IPA-Hydmsde-afaAMP 

A. Preparation of Dextran (TIO)-lPA-Hytbuade. Dextran(T10) (10 g) is dissolved in 25 
20 mL of water. Ten mLofa 25% sohitionofZn(BF4)2 is added, followed by 50 mL of 

epibromotqrdrin. The mixture is heated to 100-1 10°C for 3 hours, with 25 mL of epibromohydrin 
added after the first hour, and an additional 20 mL epibromohydrin is added after the second hour. 
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The product is predpitated with 700 mL cold acetone, washed with 25 mL ethyl acetate, dissolved in 
water, precipitated with 700 mL cold ethanol and washed with 25 mL ethyl acetate. 

The product (5 g) is dissoWed in 1 5 mL borate (4.5 mL of IM borate sohition in 10.5 mL 
water). Ten grams of hydrazide is added and the mucture stirred for 1 2 h at room temperature. 
5 Product is precijritated in acetone, dried, redissolved in water, prediMtated in ethanol, and dried. 
Yield, appronmately 5.8 g of product, yAaoh is tested for halogens by flame test; the amine content 
is assessed by titration win 0. IN NaOH. 

B. Prepcaution qfDextran (T10)-IPA-Hytbwck-araAMP. Dextran (T10)-1PA-Hydrazide 
(0.6 g) and ataAMP (Ig, 2.9 mmoles) are dissolved in 20 mL water. The pH is adjusted to 7.5 with 
10 NaOH. 1-«thyl-(3,4-dnnethjdaminopiopyl)carbodiimide (EDAC, Ig, 5.2 mmoles) is added and the 
mixture is maintained in the dark at room temperature for 64 h. The product is filtered through a 
0.45 micron filter, predpitated with 200 mL ethanol, redissolved and ultrafiltered using a 3000 
dalton molecular wdght cutoff filtw. The product is again precipitated with 200 mL ethanol 
ExamfOa 31. Dextran(70 kDa)CM-EDA-P-AZr 

15 A solution of 20 ml de-iinized water, 2.0 g Dextnn(70 kDB)-CM, 2.03 g EDA-P-AZT, and 

0.67 g HOBt was heated to 50<'C. The pH was measured, and additional HOBt was added until pH 
5.61 was reached (0.84 g additional HOBt added). To the stirring solution was added 3.2 g EDC. 
The mixture was stirred at 50°C for 60 min., and then stiiied at room temperature for 1 6 h. The 
mixture was next diluted to 200 ml with de-ionized water and repeatedly ultrafiltered with de-ionized 

20 water against an Amicon YM-3 3000 MWCO ultrafiltration membrane in a 200 ml ultrafiltration 
stinvd cell. After the first concentration, 2.0 g NaCl was added. After the fifth concentration, the 
retentate was 0.2 Jim filtered and lyophilized. rield:2.27g. UV: X max = 267 nm, A267 nm = 
0.3843 for a 0.100 mg/ml solution; AZT loading based on measured s - 9787 M"' for AZT = 0.399 
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imnol/g. LLS-HPLC: Mw = 1 65.66 K, Mn - 95.21 K, Mw/Mn = 1 .74. Mp = 206.54 K; retention 
time = 13.94 niiti. for 0.4 ml/min. flow rate on the Waters Ultiahydrogel 230 column, 7.8 x 300 nun. 
Example 32. Dextian (T10) CM-4PDA-P^ibA 

AraANtP (P-araA, 378 mg, 1 nrnioi) and Dextran (10 lcDa)-CM-4-PDA (from Example 26) 
S are dissolved in Deionized water. The pH is adjusted to 6.3 using 6M HCl and the solution is 
wanned to 50°C. EDAC (384g) is added to the reaction and stirring is maintained for 2 hours. An 
additional 80 mg of EDAC is added, and the reaction stirred at S0°C for another 1 hr. The sohition is 
diluted with water (SO mL) and ultraiiltered twice uang a YM3 membrane. Sodium Chloride (0.67 
g) is added to 50 mL water, and this solution is added to the third ultraiihration. The solution is 
1 0 ultrafiltered 5 times mote against water, filtered through a 0:22^ filter and lyophilized. 
Example 33. Dextran-lysine-P-aiaA 

The lysine esta--araAMP (from Example 8) is coupled to a carboxymethyl dextran (Dextran 
(T]0)-CM from Example 1) by the formation of an amide bond between a caiboxyl from the 
polysaccharide and the free (primaiy) lysine of lysine. The chemistiy used for the coupling of EDA- 
1 5 P-araA to Dextran (T40) CM. which uses EDAC and is catalyzed by HOST, is used to couple the 
Dexiran-CM to Lyane-P-aiaA. Treatment of the final product under alkaline conditions (such as 
dilute NaOH or bicarbonate buffer) hydrolyzes the ester to yi«M a caiboxyl, wWle leaving the amide 
and phosphoramide bonds unaltered. 
Example 34. Dexban(10 kDa)CM-EDA-P-FIAU 

20 . EDA-P-HAU (from Example 12) is coupled to Dextran (10 kDa)-CM(fi:omExanq>lel) 

accordii« to the method of Example 28. 
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Example 35. Poly-Glu(2S kDa)-EDA-P-araA 

A 250 mg sample of polyghitamic add, sodium salt (Sigma, cat. P-4761. Mw = 25 kDa by 
LLS) was dissolved in 12.5 ml de-ionized water. To this solution was added in order 85 mg N- 
hydroxybenzotriazole and 1 85 mg EDA-P-araA (Code 4045, the conjugate of ethylenediamine and 

5 araAMP). The pH was measured and found to be pH 5.53. The sohition was heated to SCC, and 
400 mg l-(3-dimethylpropyl)-3-ethylcarbodiimide hydrochloride was added. After 1 hour heating at 
50°C, the solution was removed from the heat source and stirred 16 h at room temperature. The 
mixture was (filuted to 200 ml and ultrafiltered against a YM-3 filter (MWCO 3000, Amicon). After 
three concentrations, the retentate vras filtered through a 0.2|un filter, and lyophilized. Yield: 70 mg. 

10 The araAMP loading based on UV analysis of the araAMP chiomophore was 0.81 mmol araAMP/g. 
The HPLC retention time of the coqugate on a Waters UHG 250 size exdusion column (20 mM 
phosphate bnfifer. pH 7, flow rate 0.4 mlMa) was 1 7.5 min. (BSA = 16. 1 niin., araAMP - 20.23 

Example 36 HES(7SkDa)-IPA^A-P-araC 

IS To a sohition of 0.4 g cytosine 5'-monopfaosphate arabinofuranoside, 0.75 g of HES-IPA- 

EDA (from Example 7) in 3 ml de-ionized water was added enough N,N,N',N'-taraethyl- 
etfaylenediaiiiine to biing the sohition to pH 6.27 (about 0. 1 ml). The mixture was heated to 50°C 
and 1.76 8 l-(3-dimetfayiamiiioproFiyl)-3-etliyicaibodtimide was added. The solution was stirred at 
this tonperature fi>r 50 min., removed from the heating source, and stirred overnight at room 

20 temperature. The reaction mixture was dihited to 1 80 ml and ultrafiltered against a YM-3 Amicon 
ultrafiltration membrane in an Amicon 200 ml uitiafiltration stir cell. After the first concentration, 
0.75 g NaO was added. After the fifth concentration, the retentate was fihered through a 0.2 |im 
filter, and lyophilized. Vidd: 0.6 g, wlute solid. The araCMP loading based on UV analysis of the 
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araCMP chromophore was 0.S4 mmol araCMP/g. The HPLC retention lime of the conjugate on a 
Waters UHG 2S0 size exchision cohinrn (20 mM phosphate buiGB-, pH 7, flow rate 0.4 ml/nrin) was 
1 6.2 min. (BSA = 16. 1 min., araAMP = 20.23 min.). 

5 Example 37 Dextran-Amine 

Dextran (lOg) is dissolved in water (lOOmg/ml) and the pH is adjusted 1 1 with 2 M sodium 
hydroxide. The solution is cooled to 4° C. Cyanogen biomide (I g) is dissolved in 
dimethylfoimamide, and added to the solution of dextran with vigorous stirring. The pH is adjusted 
to 1 1 with sodium hydroxide and maintained at pH 1 1 by the controlled addition of more sodium 
10 hydroxide. After 10 minutes suffidem ethanol is added to precipitate the dextran, which is collected 
by cemrifiigation. and redissolved in phosphate buffer, pH 7.5. An ammo contaimng derivative (such 
as ethylene dianane) is added to the cyanogen activated dextran and allowed to react for 5 hours at 
25 C. The reaction mixture is dialyzed against water and lyopUlized. 
Example 38. HES-CM-EDA-P-araA 

1 5 HES-CM (3 g, from Example 2) was dissolved in 5 mL of DI water and stirred. HOBT (1 g) 

was added and the nnxture was adjusted to pH 6.3 with 6MNaOH, then heated to SO°C under 
stirring. EDA-P-araA (2.3 g, fiom Example 16) was added, the pH was adjusted to 6.3 at SO" C 
whh 6M HCl. EDAC-HQ (4.8 g) was added and the sohition was stirred at SO°C for 1 br. 

The reaction nnxture was transferred to an ultrafiltration filter and dihited to 160 mL with DI 

20 water and 20 mL of saturated NaCl. The mixture was filtered against a 3000 MWCO membrane. 
When the solution was concentrated to 5-8 mL, the contents were reconstituted with 10 mL 
saturated NaCl solution and 160 mL of DI water, this procedure was repeated two more cycles, and 
lyophilized. Yield: 3.8 g, MW 22,1 SO; Mn 66056; loading 0.76 mmol araA/g. 
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Example 39. Dextran (70 kDa)CM-EDA-P-ACV 

EDA-P-ACV(2g, Example 11) was suspended in 20ml of DI water and stirred. 

HOBT(0.8g) was added and heated to 55°C whh stirring. De!rtran(70 kDa)-CM (2.2g, Example 5) 
was added and adjusted pHS .6 at SS°C with 3M HCI. EDAC.HCl (2.2$) in 2ml of water was added 
5 over 2 niin and stirred at SS'C for 40min. Another 1.5g of EDAC in 1ml of water was added and 
stirred at SS'C for 2h and room temperature for 48h. 

The reaction mixture was centrifuged and the supernatant was (filuted to 160ml with DI 
water and filtered against 3000 MWCO membrane. After two cycles of filtration with NaCI (ISOml 
DI water and 10 ml of saturated NaCI) and 4 cycles with DI water, the final content was filtered 
1 0 through 0.2um filter and lyophUized to give 2.25g conjugate, Uading 0. Mmmol/g, Mw 304220, Mn 
1 17820, Mp 272270, Mw/Mn2.6. 
Example 40. Dextran (70 kDa)CM-EDA-araA 

l-Hydroxybenzotriazole hydrate 6S mg (0.504 mmol, HOBt) was dissolved in 2.5 mL 
distUled water and pH was adjusted to 5.5 using 5M NaOH at 50 °C. Dextran (T70)-CM 200 mg 

15 (from Example 5) and 148 mg of EDA-P-araA (Example 16) were added. EDC (320 mg, 2.56 

mmol) was added after all the reagents were dissolved. The reaction was maintained at SO'C for 1 S 
hour with stirring, and then overnight at room temperature. The reaction mixture was diluted to 50 
ml with water and ultrafiltCTed twice against a YM3 membrane (Amicon, Beverly MA). Sodium 
chloride (0.66 g) was added to SO ml water, and this sohition was used for third ultrafiltration, 

20 followed by 5 more ultrafiltration against water. After the last uhrafihration, the residue was filtered 
through a 0.22 fua filter and lyophiiized. 
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Example 41. Dextran (T10)-CM-EDA-P-araA 

Dextran (T-lO)-carboxymethyl (from Example 1) was conjugated to EDA-P-araA (Example 
16) according to the methods in Example 40. The conjugate was designated Dextran( 10 kDa)-CM- 
EDA-P-araA. 

5 Example 42. Antiviral AcOvity Of Maaomolecular Prodrugs In Cell Culture 

The antiviral activities and cytotoxicity of a macromolecular prodrug of Dextran-araA made 
according to the teachings in Example 40 and the parent nucleoside analog araA were evaluated 
using 2.215 cells (obtained from transfection of the Hep G2 human hepatoblastoma cell line with 
HBV) as described by Korba and Gerin (Korba BE, Geiin JL., Antiviral Research 1992; 19:53-70.) 
10 It is standard system widely used to compare the safety and efiicacy of drugs for the treatment of 
HBV. The data for B-L-FTC, a nucleoside analog with pharmacological properties similar to 
Lamivudine (3TCX in the same system are shown for comparison. Lamivudine is a recently 
developed nucleoside analog that has been approved by the US FDA for the treatment of HIV and 
has shown pronuse in extensive clinical trials against HBV 
1 5 Briefly, the test compounds were added to confluent cultures of 2.2. 1 S cells every 24 hours 

for nine consecutive days in fiesh culture media (RFMI 1 640 with 2% fetal bovine seium, Gibco 
Inc., Giand Island NY USA). The amount of extracelhilar HBV virion DNA and intraceUular HBV 
repUcation intetmediates were detemuned uang quantitative blot hybridization analyses (dot, 
Southern and nortiiem blots, respectively. Korba BE. Gerin JL., Antiviral Research 1992; 19:55-70; 
20 Koiba BE, Milman., Antiviral Research 1991; 15:217-228). 

Efficacy was determined by the concentrations of agent giving 90% inhibhion of viral 
repUcation (ECm) as measured in changes of HBV virion DNA and replicative intennediBtes. 
Cytotoxicity caused by the agents was measured by tiie uptake of neutral red dye. The cytotoxic 
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concentration (CC„), was considered to be the concentration at which 50% of the cells took up due 
the dye. The sdectiwty index (SI, CCsoECgo) is measure ofdrug toxicity in relation to drug 
efiGlcacy. The results are shown in Table 3. 



Table 3: Effect Of Macramolecular Prodrugs 
On HBV Replication In 2.2.15 Cells 



Compound 


CC50 
pMaraAeq 


EC„ 
(iMaraAeq 


SI 

(CC„/EC„) 


aniA 


188:120 


17±1.9 


11 






(25±2.1) 


(7.5) 


Dex(70 kDa)-CM.EDA-P-araA 


>3000 


0.7±0.1 


>4200 


(Example 40) 




(1.3±0.2) 


(>2300) 


B-L-FTC* 


746 


1.1 


678 






(0.39) 


(1913) 



5 ExuacsUular DNA: No Fanntheses: IiUnnelliitar RI DNA: Puemheso 0 



• Schiiazi etal. Amimicfob. Agent Chem (1994) 38, 2172. 

The results in Table 3 show that the prodrug bad a >20 fold increase in the ECw vahie 
indcating markedly enhanced antiviral activity, and >lS-fbld decrease m the CCso vahies, indicating 

10 reduced cytotoxidty over the patent nucleoside (ataA). The difference in behavior between the 
macrumolectdar prodrug of araA and araA implies that the prodrug is stable in the culture media 
traverses the cell membranes, and releases a metabolically active and highly benefidal antiviral agent. 
Thus, when araA is used to synthesize a macromolecular prodrug of the invention, it is remarkably 
transformed from a drug with an SI of about 10 to one with an SI of over 1000. Similarly, the 

1 5 prodrug showed a 4 fold decrease in cytotoxicity over B-L-FTC. Thus, when araA is synthesized into 
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a oucromoleciilar prodrug, it is transformed from a compound with an SI smaller than B-L-FTC to 
one with an SI greater than fi-L-FTC. This infers that macromolecular prodrugs of nucleotide 
analogs can improve the safety and efficacy of nucleotide analogs made irom nucleoside analogs by 
overcoming poor transport into or poor phosphoiylation inside cdls. 
5 Example 42. Stability/Releasability Assays of Macmmolecular Prodrugs 

The macromolecular prodrug from Example 41 was tested for stability of the prodrug in 
biological fluids (human phuma) and releasability of the nucleotide in tissue extracts (rat liver 
extracts) as follows. 

I'reparatton of Tissue Extracts. Freshly excised rat livers (20 g) were nuxed with phosphate 
10 buffered saline (PBS, 15-20 mL) and cooled to 0°. While cooled in an ice-water bath, the liver 
tissue was disrupted with a Branson Model 184V Sonicator uang repeated 10 sec pulses until only 
1-2 g of ofF-white solid remained. The PBS solution was replaced several times duiii^ the course of 
this treatmoit. The combined PBS extracts (-50 mL) were centtifiiged with a Sorval Model SC2-B 
cemrifijge equipped with a SS34 rotor at 19000 rpm (cn. 28,000 g) at ~ 4° for 1 h. The clear 
IS supernatant was filtered through successive 0.8, 0.45 and 0.22 mm filters. The final fihrate was 
transferred to dialysis tubing (Spectra/Por 32 mm; MWCO 6-8000) and <fialyzed against PBS (7 X 
800 raL) at 4-8° over 2 d. The retentate was then 0.22 mm filtered and stored at 4-8°. 

Incubation of macromolecular prodrug with liver extracts. A solution of Dextran (10 
kDa>-CM-EDA-P-araA ft^om Example 41 (6.17 mgAnL, 3.26 mM araA; 1.00 mL) in PBS was 
20 mixed with liver extract (1.00 mL). The reaction mixture was incubated at 37°. Controls with 
conjugate and Hver extract only were also incubated at 37° (both diluted 1 : 1 with PBS). After 60 
min, the solutions were cooled to RT and chromatographed using a Waters UHG250 GPC column 
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(300 X 7.8 mm ID) in a Waters Millennium HPLC System (0.50 mUmin, 20 mM PO4, pH7, 0.1 M 
NaCl). 

Incubation of niacmH«deculcr prodrug with human plasma. A solution of Dextran (10 
kDa)-CM-EDA-P-araA from Example 41 (6. 17 mg^mL, 3.26 mM araA; 1.00 mL) in PBS was 
5 mixed with human plasma (1.00 mL). The reaction mixture was incubated at 37°. After 60 min, the 
solution were cooled to RT and chromatOBiaphed using a Waters UHG2S0 OPC column (300 X 7.8 
mm ID) in a Waters Millennium HPLC Systm (0.50 mUmin, 20 mM PO4, pH7, 0. 1 M NaCl). 

Results: Figure 5 shows the prodnig is stable in plasma as indicated by the lade of material at 
the mobilities of araA and araAMP. 
1 0 Figure 6 shows the prodrug beaks down readily with a liver extract, as evident by the peaks 

for araAMP, araXanthosine monophosphate, and aralnosine, A small absorbanoe at the mobility of 
the prodrug was riiown to be the liver extract. Litrie or no prodrug survived the incubation with 
liver extract. 

Hence, the macromolecular prodrugs of the invention surptiringly have excellent stability in 
15 cxtnicdhilarfhiidB (plasma), but breakdown readUy when exposed to an extract of the intrac^ 
compartment (liver). 
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ClaiDM 

Wedaim: 

I . A phaimaceutical composition comprising a compound having a foimula: 

5 R'-(YV(XNH),-(P02(PO,),-OR'), 
where: 

R' is a carrier, liolced to a nucleotide analog {-(POjCPOjVOR'). } via an amino- phosphate 
linlcage (NH-PO2), the amino group lieing provided by a composition including R^ the 
composition bang selected from the group consistii\g of: 

10 

(a) a formulation wherein R* has a constituent primary amino group so as to form 
R^-(P02(P03)„-OR'). by means of the amino-phosphate linkage such that p=0, ^=0, and j^l ; 

(b) a formulation wherein R^ tacks the constituent primary amino group, the primary 
amino group being prowded by means of a hnkmg group (XNH), to form R^-(XNHV(POj(P03V 

15 OR')|Wherep=0, and 9^82:1; and 

(c) a formulation wherein R^ lacks the constituent primary amino group, but induding 
a constituent hydwwcyl group, the primary amino group bdng provided by a bridging group (Y), for 
reacting with the hydroxyl group on R* and the linking group to fonn R^-(YV-(XNHV(POi(P03),r 
0K\ such that pa^isil; 

20 wheiran vahies forp.q.s and n are given as a molar ratio relative to R^ such that «=0, 

1 or 2,p^2sil, except whenp=0. and *=0. or when p=0. 



1. The con^ositian according to daim 1 wherein the OR' is sdected fixmi the group 
luisting of araA, araC, ddl, AZT, and S FUDR, acydovir, ribavnin, and ganddovir. 
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3. The composition according to claim 1 wherein XNH is selected fiom the group conasting 
of lysine, polylysine, omithene, polyornithene and a diamine. 

5 4. A composition according to claim 1 wherein Y is selected fiom the group consisting of 

straight chain acyl groups having Cmo. an alcohol, and a substituted amide. 

S. The composition accordiog to daim 1 wherein is selected from the group consisting of 
polyvinylamines, polyactylanndes, polyamino adds, polyvinylic polymen, polysaccharides, and 
10 combinations thereof. 



6. The composition according to daim 5 wherdn the polysaccharide is sdected from the 
group consisting of dextran, hydroxyethyl starch, cellulose, puUulan and inulan. 

7. The composition according to claim 2 wherein is a polysaccharide selected from the 
group consisting of dextran, hydroxyethyl starch, cdiulose, pulhilan and inulan. 

8. The composition according to daim 1 wherein is sdected from the group consistii^ of 
polyvinylpytoliidone, maleic anhydride diviiqrlether (DIVMAX polyvinyl alcohol (PVA), 
poly(oxyedvlene) ^ycol (PEG), and N-(2-hydn)xypropyl)ii>ed«ctylamide (HPMA). 



9. The composition according to claim 1 wherdn R^ is a polysacchsiide. Y is a 
cai1>oxymetliyl group , and X is ethylene dianune. 
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10. The composition according to claim 9 wherein the polysaccharide is dextnui, OR' Is araA, 
andn=0. 

5 II. The composition according to ckiim 9 wherein the polysaccharide is faydnnyeth^ standi 

OR'isaraCandifO. 

12. The composition according to claim 1 wherem is a polysaechatide. Y is an isopropyl 
alcohol group, and X is ethylene diamine. 

10 

13. The composition according to claim 12 wherein the polysaccharide is dextran, OR' is 
araA, and n=0. 

14 The composition according to claim 12, wherein OR' is araC , and the 
1 5 polysaccharide is hydroxyetfayl starch. 

15. A method ofendowing an antiviialagem with substantia% enhanced therapeutic e£Bcacy 
and reduced toxicity, comprising: 
20 (a) providing an anti\nral agent; and 

(b) coiqugating the antivhti agent with a polymeric carrier via an amide^hosphate bond so as to 
reduce the cytotoxicity of coigugate in comparison to the antiviral agent alone. 
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16. A method of treating a viral infecticm or cancer in a panem comprising 

(i) providing a comprising: 

5 R'-(YV(XNH),-(P02(P03)^R'), 
such that: 

is a carrier, linked to a nucleotide analog {-(POjCPOjVOR'), ) via an amino- phosphate 
linkage (NH-PO2), the amino group being provided by a composition including R', the 
composition being selected fltmi the group consisting of: 

10 

(a) a fomnilation wherdn R' has a constituent primary amino group so as to form 
R -(POj(POj),rOR'). by means of the amino-phosphate linkage such that p=Q, q=0, and j^l; 

(b) a formulation wherdn R^ lacks the constituem primary amino group, the primary 
amino group being provided by means of a Ifaddng group (XNH), to fiwm R'-{XNH),.<P02(PQ3),r 

1 5 OR'), where ;7=0, and q^s.^ 1 ; and 

(c) a formulation wherein lacks the constituent primary anuno group, but inchiding 
a constituent hydroxjd group, the primaiy amnio group beiiig provkied by a btidgiitg group (Y)^ for 
reacting with the hydroxyl group on R* and the linking group to form R'-(\VPCNH),f<P0j(P03Xr 
0K\ such that />292s^l; 

20 wherein vahiesfbrp,9,5- and n are given as a molar ratio idative to R^ such that n=0. 

1 or 2,p^^^l, except whenp=0, and q=0, or when p=0. 
(ii) administeriiig such compound m an effective dose. 
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17. The method according to claim 16 wherein the OR' is selected fiom the group consisting 
of araA, aiaC, ddl, AZT, and 5 FUDR, acyclovir, ribavirin, and ganciclovir. 

18. The method according to claim 16 wheran XNH is sdected fh>m the group conssting o 
S lysine, polylysine,ormthene,pdyotnithene and a diamine. 

19. A method according to claim 1 6 wherdn Y is selected from the group consisting of 
straight chain acyl groups having C2.1D, an alcohol, and a substituted amide. 

10 20. The method according to claim 16 wherein is selected from the group consisting of 

polyvinylaraines, polyacrylamides, polyamino adds, polyvinylic polymers, polysaccharides, and 
combinations thereof. 

21 . The composition according to claim 20 wherein the polysaccharide is selected finm the 
IS group consi8tiiigofdextian,lqrdrc»yeihyl starch, celhiktsctpulhilan and hndaa 

22. The compontion aooordiiig to daim 19 wherein R is a poiysacchaiide selected from the 
group consistrng of dextian, hydrmcyethyi starch, ceUulose, puUulan and inulaiL 

20 23 . The method according to cl^ 1 6 wher^n R^ is selected from the group consisting of 

pcdyvinylpyrollidone, maleic anhydride divinytether (DIVMA). polyvinyl alcohol (PVA). 
poiy(oxyBtiqrlene) glycol (PEG), and N-(2.hydTDxypiop]d)metiiacr]daiiude (HPMA). 
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24. The method according to claim 16 wherein is a polysaccharide, Y is a caiboxyinethyl 
group , and X is ethylene diamine. 

25. The method according to claim 24 wherein the polysaccharide is dexttan, OR' is araA, 
andn=0. 

26. The method according to claim 24 wherein the polysaccharide is hydroxyethyl starch OR' 
isarBC,andn=0. 

27. The method accordiiig to claim 16 wherein R' is a polysaccharide, Y is an isopropyl 
alcohol group, and X is ethylene diamine. 

28. The method according to claim 27 wherein the polysaccharide is dextran, OR' is araA, 
andrr^). 

29. The method according to clabn 27, wherein OR' is araC , b=0, and the polysaccharide is 
hydroxyethyl staich. 
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